THE PHYLETIC CLASSIFICATION OF AMPHIPOD CRUSTACEANS:
PROBLEMS IN RESOLUTION®*

by E. L. Bousfield! and C.-t Shik!
ABSTRACT

The phyletic classification of amphiped cristaceans has been 8 1najor source of dsagreement among principal
recent workers.  The disagrecinent results ar least partly from the muasking effects of convergent or homoplasicus
marphelagy not only on superlamly and suberdinal recogpition, but afso on the deennination of closest phyletic sister
grours to the Amphipoda within the Malacostraca, The most recent atempts al phyletic classiflication of amphipads (e.g.
Schrgn 1986, and athers) are based pactly on the work of the present writer, but leave importaot problems ot entnely
resolved, Asaresull,some recent mayor classifications remain slphabeticsl ie.g, Ruffo, 1990; Bamard & Karaman, 1991},

Based an new evidenes., partly [rom recent bebavioural work of CMN colleague K. E. Conlan, this study takes a
morphological -behavioural appraach o solving such problems atall levels of classifieation.  Among malscostracan
potentral s1ster proips, e Amphipods appears phyletically least rernote from. the Mysidacez, but maore remeote from the
Hemicandea and e Isopody. Withw the Amphipoda, two natorel subordimal groups are recopnized, viz, the primitive,
relict Tngaliellslen, and the more advanced, dominant Gammaridea, both with extam members it marne and [reshwaler
habatats. Withan the Gammandea, two exclusively marme, infraordinal groups, the Hyperddea and the Caprelhdes, have
possibly arisen from stepocephalhd- aud podocerid-like ancestors respectively.

The infroorders and superfamalies withm  the Gammariden may be organized broadly and semi-phyletically inw
" Amphipoda Natanta” and  Amppoda Repranna”, gnulogons 1o categorie s formerly employed within the malacastracan
Dlacapada. The former category includes reproduciively free-swimming groups, with directmating {usually lacking pre-
amplexus ) mosily freely m the water columi. Typically heve, the male 15 sexvally specialized in the antennal sensony
organs {e.g. possesses callynophore, caleeali apd brush selae), eyes, and tail fan, but seldom i the znathopods, The
malure male stage is also smaller than the female and i o wermpal Bfe stage (non-mouliing, often non-feeding).
Components of the second calepary are mostly benthic or infannal i all life stages, matpg occies onfin the hollom, with
preamplexuy {precopulalory grasping of the femate andfor agomstic beliaviour toward otlur males). Here alse, the male
15 nsnally the larger, is wioally sexvally specialized n the pnathopeds butl rot markedly (o sensory organs or tail fan,
and s ideternminate i prowd) {roates during twoor more life stages), The very few anomalies within this classification
are vanously almbutable 1o delayed loss of plesiomorphic stuctnres ar w convergenm marphology and behaviour, in
spocialized forms.

INTRODUCTION

The phyletic classification of amphipods has long been
frought with difhcultics and much controversy among prin-
cipal workers. Their vicws tend o be “colored™ by their
experiences with various taxonomic and ecolagical
subgroupings, paricularly within the Gammaridea {e.g.
Bousfield (1979, 198 2a, 198531 Barnard and Karaman (19300;
Holsinger (1989} Stock (1985); Ruffo (1389); Lincoln

rationat picture therefore seems possible only by characier-
izing alt body parts, of all component groups, simuolane-
ously.

Faced with these difficoltics and  limiabons, some
authors fe.g. Ruflo ¢l al (19%)), and Barpard and Karaman
{1991} have expediently adopred a simple, pragmatic, alpha-
betical listing of fimilies within suborders, as is widely
accepled lor classifying genera within {amilies and species

{1979% Schram [ 198a). Comtributing to Uns difficully i3 the
relatively large size of this crustacean ordinal erowg {more
than M) described species in 4 suborders and more than
125 families), and the large nimber of external morpholog -
cal characters {100+ ermploved vaciousty at higher levels of
classification.  The current siate of the problem of classifi-
cation within the Amphipoda seems analozows @ the tale of
thie three blitd men who were gsked W deseribe an elephant
based on the part of the beast that each happencd o be
touching — trunk, leg, or tail — with three widely differipg
resufts. An overall, comprehensive, and phyletically

within genera, However, a useful phyvletic “lead ™ has been
provvided by major workers within suhorder Hyperiidea (e,
Bowman & Creuner, 1973) and Caprellidea {e.g. McCain
(19700, Laubitz (19704),  Also, in order to avoid being
erverwhelmed by pnwicldy numbers of pames and voliune
of laxonomic detail within the much larger suborder
Oammaridea, others (e.g, Lineodn {1979); Schram (1986);
and the writer i Bous Geld, 1979, 1983} have adempred o
reduce the classtficatory problem (0a manapeable “compro-
misc” by wtilizing a phyletically defincd  super family
concepl. Within the Gammaridea, this method reduces a
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taxonoenical ly unwie ldy S0+ Families to less than rwo dozen
readily conceprudliced and readily manageable super fami-
ligs.  Also, the number of statistically significant characters
ol major taxanomic value is reduced to less than 50, thereby
facililating numerical taxonomic apalysis,
The need for a well founded, widely acceptable phyletic
classification of mophipods, cspecially within the Gam-
marideg, is of increasing concem. Owing [ new taxenomiic
discoveries and revisions of alder axa, species diversity
within this subordinal group is increasing at the mie of abow
1-2% per year, Comect family and superlamily placement
ol laxasoch as Aetiopedes Moore & Myers (1988) romains
highly subjective and increasingly difficult

Without a confinned phylogehy, character Sates cannot
be “ordered” or polarized at appropriate taxonomic levels,
norcan family-level unils be properly defined in relation to
g gnodther. Lack of a recognized phylogeny severcly
handicaps students of amphiped behavioor and phyvsiology
whorequire stable ancestral reference points in fomnulating
their conclusions. Today, the Amphipida remains ong of
the few major animal groups in which alphabetical classifi-
cations appear more widely utilized thao phylete amange-
mends. Such fack of consensos constituies an inpediment
1o systematic work within this subdisciplice of cfustacean
systematics,  Enour view, this problem merits further close
seruting and, hopefully, early resolution,

The phyletic position of the other broadly recognized
suborders of Amphipda, the Hypenidea, Caprellidea, and
Ingolfiellidea viz-a-viz Lhe Gamunaridea, has been unevenly
expmined by previous workers.  In the "pre-ingolfellid”
classical arrangements of Stebbing (1888) and Sars { 1895),
the hyperiids were considerncd among the mast primitive, and
the caprellids among the most advanced bigher categorics of
amphiped crustaceans.  Although recent Tilerature On
hwperiids contains little "outgroup” phyletic conjecture (e.g.
Bowman & Gruner, 1973, the early stalus quo his appar-
enlly been maintained. With respect to the caprellids, the
more recent "in-depth” stodies aof Laubite (1993} and Tak-
guchi (1993) confin, widely acceptably, the highly prob-
able corophioidean origins of (he caprellids. whether mono-
or poly- phyletically. The morphologically advanced posi-
tiem of caprellids s maintgined including , by inference, that
of their relatively recently evodved cetacean-parasitic cyamid
confreres, The smatl relict group ol highly modiGed infaunal
and hypogean ingolficllid wnphipods is generally consid-
ered 1 be phyletcally very otd and worthy ol maintenance
at subordingl level (e, Rulfo, 196%; Stock 1977} a view
that Is amptified here (pp. 1200, Bowman and Abele (1982
hewever, would include the ingolfiellids within the Gim-
maridea, close to family Ganunaridac.

Schram {1986} has provided one of the nost eeenl
comnprehensive reviews of amphipod classificaion, Wheneas
bhe has acknowledped the relatively primative phyletic posi-
tion of the ingolfiel lids and hyperiids, and followed phyleac
armangements of superfamilies and families within the Game-
waridea  proposed earlier {e.g. Bousfield, 1979, 1987a,
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1983), be has placed the caprellids in a primitive posian,
chose (o the ingolfiellids. He has advovated the use of ripd
cladislic lechniques (e,2. o Wagner 78 program} in produc-
ing a natural classification. However, in agreement wilh
Riudley {1983}, we find many basic or "obvious" assump-
tionsabout character states o be ofien Dawed by homoplasies;
resulling cladograns in which these are not recognized are
thies Iess realistic than phenograms in which homoplasioos
tendencies are selected o or otherwise minirmzed,

In this essay, we propose to treat the classification of
amphipods phyletically, but with a somewhat semi-prag-
inatic approach. Afley the fashion of D. H.Steele (1988, et
sy} who noted that amphipods were primarily swimmers
and clingers, and secondarily crawlers and barrowers, we
Lave hormowed from older decapod crustacean classilicalion
the temns “MNatantia™ (for the reproductively swimming and
pelagic types) and “Reptantia™ (for the reproductvely bi-
lom-¢rawling and henthic categories). This approach uti-
lizes reproductive (matingh morphology and behaviour, in
hoth sexes. as ils principal phylelic basis. Whatever the
nature of e momhalogy and life style of mature females
and immature stages of both sexes, reprovdoctive morphol -
agy tends o be displayed most diagnostically in the tature
male stage, OF partcular significance there is the form and
armalure: of the antennaez, gnathopods, and uroped 3 dnd, w
some extent, in the mechanical coupling organelles of
peracopods, pleoprds. and uropods. The approachalso fac-
ilitates the sofution, or near-sclution, of some longstanding
problems of natural ordering of character states, and their
application at proper levels of phyvletic classification,
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External Morphology of the Amphipod Crustacean.

By way of review, the general external marphology of a
goammandean amphipod has been diagrammed previously
in Bousfield (1973), Boarnard & Karman (19915 and io
several other popular and semni-papular works (e.g. Staude,
1987). In Figs, 1A and 1B, the principal features of repre-
sentative memberof Amphipods "Matantia” and "Replaniia”
respectively, are outlimed,

Amphipods ave stimilar f0 most members of the subebass
Malacostraca (Jarge crustaceans) in having a finitely tagma-
tized body: head with 5 pairs of appendages: thorax with 8
pairs (first pair fused to head as maxillipeds); abdomen with
B padrs, and terminating in g small supra-anal flap or telsen.
The order Amphipoda is superficially similar o most other
orders within supraorder Peracarida in which rhe carapace is
much reduced or lacking: in having eves that are scssile or
near-sessile; mouthparts that ae concenirated tn o buceal
inass beneath the head; thoracic legs that are uniramaus {or
nearly s0); and lecithotropic (nonplanktonic) development
vl eggs wilhin a thoracic brood pouch of the female.

Amphipods differ from all other matacostracans in hay-
ing ambulatory thomacic {peraeonal) legs arranged in vwo
distinet groups: the first fowr pairs are directed forwards,
with the dactyls {claws) backwards, and the tast three pairs
are directed backwards. the daciyls forwards, bence the
pame “anphi™+ pod” {both kinds of feet). This conlrasts
with the “fan- wise” or radiating position of the thoracic legs
in iscpod crustaceans. A second distinctive feature, unigue
tor aenphipeds, is tbe amangement of abdominal limbs: the
first three patrs are bicamous swimming legs (pleopods) and
the hind three pairs are theusting legs (uropods),  This
arrgngement ol abdominal limbs contrasts with that , which
consists of five pairs of pleopods and one pair of uropoeds in
all pther cumalacosiracan crustaceans.  Inamphipods, tail
throst drives the animal forwards, whereas o decapods the
Lail thrust is typically 4 rearwards "escape reaction”.

The diagnostic features of amphipeds hat mate feely in
the water column (Nataniia) are shown in Figore 1A and are
descibed in detzil elsewhers, The body s slender, often
wothed or carinate above, wilh large powerful abdomen.
targe pleopods, and lunceolale, serially spinose uropods.
The head 13 gencrally shon and deep, with rostrum , and eyes
vanously pigmented or lacking {abyssal fonns). The antenna
are slender and elongate. Antenna I, peduncle stout; basal
segments of flagellom often fused and strangly armed with
agkthelases {chemo-sensory {ilamentsh, lorming a
callynophere; accessory flagelluin short or lackiog (in
hyperiids). Antenna 2, peduncular segments 3-3 slender,
anterior margin {of male) lined with fine Alaments (brush
setachand often ealeeoli; flagellum elongate (esp. in males),
often with calceoli.  Mouthparts basic, mandibular and
maxillipedal palps usually projecting anteriorly,

Coxal plates 14 various, vsually shallow, similar but
often unfike. Goathopods 1 & 2 usually slender, weakly
sabobelate, with slender carpus and propod, seldom sexvally
dimorphic. Peracopods 5-T uspatly slender, usually subsimilar
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(hivmapodous), il peraeopod 6 B often Jongest, Coxae
posterodabiate (hind lobe larger). Telson usually large, and
bilobate (lused and plate-like in kyperiids ). Coxal gills large,
often pleated, om peragopods 2-7.

Diagnositic features of benthic amphipods, the Reptantia,
that mate on or in tre battom subsirata, are shows i figure
IB. The body tends 1o ke short and compact, often flattened
dorsventidly, seldom with dorsal teeth or carinations. The
head is usually long and shallow, lacking rostrum, eves
usnally small, The anlenna tend 1o be short, with stout
peduncular segments, especially inmales; callynophare and
brush seeac never present, and calceoli tare.  Mouthparis
vanable, mandibilar and maxillipedal palps usuatly visible.

Coxal plates 1-4 various., from large, deep, averlapping.
to small and basally separated. Gnathopods oflen large,
stronply subchelate, sirong v sexoall v dimombic. Perasopods
with relative short stoul seaments, and anterolobate coxae
(Troal lobe the largert. Abdomen shon; pleopods medivm o
tedoced or highly maodified. Uropeds short, stout, rami
lingir, with apical spines. Uropod 3. vami usually shoert,
marzins spinoze, or highly modified, scldom sexually di-
wiorphic,  Telson lobes variously fused, plate-like, Coxal
2ills plate-like ar sac-like, never pleated, often lacking on
peracopod 7,

These diagnoses are intended as a eeneralized puide 0
basic armphipod mormophotypes. They do not apply 1o any
particular species, nor 10 nmnature stiages,  Within each
rowp are exdepticna! cases that resemble species of the other
group, Suchencounters provide ane of the frustrating "joys”
of atempting 1o classily amphipod crustaceans.

The phylogeny of the Amphipoda as a group within
the Peracarida

The phyletic positioning of the Amphipoda has also
been the subject of considerable controversy.  The most
widely held {olassical) view, that gmphipads aremost elosely
ridated to isopods. 15 held by a number of modern workers
including Bowroan and Abele (1982, Stock {pers. commun.)
and Schram 1934, 1986), Other workers including Dahl
(1963), Watling (1981}, and Bousficld {1988) have pre-
sented evidence that the natural sister group anong ihe
Pericarida is the Mysidacea {sens, far. ). A few others (e.g.
D H. Steele. and recently Warling (pers, communic.}) have
looked foran ancestry autside the Perscarida, and do ool rule
cul the Syncarida as the closest natural cutgrowp among e
Bumalacostraca.

A basis for a possible mysidacean common ancestey 15
depicted in Fizure 2, A (ypical gammaridean amphipod is
represented by the phbxocephaloidean {lower aght), Ad fosy
glance. it appears to have lide in cemmon, at least cxler-
oally, with the various forms of Mysidacea in the upper
figures. The Mysidkiceans are much mote plesiomarphic in
possession of adistinctmaxillary carapace, and fullv biramoos
thoraeic lunbs, amone other differences.  However, the
relatively primitive ingoltieliidean amphipod (lower micddle
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FIG. 1. Basic Morphology of the Amphipod Crustacean.
A. Natantia (Hyperiopsidae) B. KReptantia (Melitidae)
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E. MISIOACEA : PETALDFHTHALMIDAE.
{Hansenamysis falklandics)

(L MYSIDACEA @ MYSIDAE
{Mysis relicta}

H. AHPHIFOQA -
IHGOLFIELLLDEA

6. AHPHIPOCS ¢ GAMMARICE S

. AMPHIPCCA:
PHOXOCEPHAL T DAE

[F1G. 2 EXTERNAL AND INTERNAL ANATOMICAL RELATI ONSHIPS: EUPHAUSIACEA,
LOPHOGASTRIDA, MYSIDA, AMPHIPODA.
{After Watling, 1981, and other suirces)
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A CUMACER

H. CIMACEA :

K. Is0Pons

FIG 3 EXTERNAL AND INTERNAL ANATOMICAL RELATIONSHIPS OF MALACOSTRACAN
SUPERORDERS SYNCARIDA, CUMACEA, BRACHYCARIDA, MICTACEA AND [SOPODA
{After Watling, 1981, Bawman & Tllife, 1985, and other sonrces)
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right. and also Fig, 270 shows {1 vestigial stalked eyes, (2)
partly ¢left maxilliped basal segment, and (3} wropod 2 much
liarger and stronger than wopod L, both with serfally selose
rami. as in pleopods elsewhere, Al of these features are
more prominently and functionally present in mysidacedns,
esp. in family Petaleptbthalimidas Fig. 2E.  Thus, the
colarged uropod 2 of the ingolfizllidezn may be honologous
pleopnd 5, anomalously longer than the anierior pleopods in
ihis mysidacean family. Members of this family also dem-
onstrate a trend o “fore and aft” subdivision of the thoracic
legs, as in the Amphipoda, Also, the interna anatomy of the
mysidacesn {e.y, Lophogasimda, Fig, 200 aspecially of the
blowd yascular systern, with dorsal thoracic osliate heart and
thoracic respiratory vessels, 1s nearly identical with that of
the Amphipoda (Fig, 30; see also Watling, [981; Schram
(1986.. Mysids also possess antennal glands as well as
maxillary excreiory zlands, a very basis and phyvleteally
stgnificant homology),

Onthe other hand, the external and internal moopholopy
of unphipods contrasts very Srongly with that of sopods
and with brachy ciriclans themicandeanst (Fig, 3), In these
latier @xa, the hear is weakly {or non-} ostiate, mainly (o
entirely}abdominal in positon, aed the respiramry sysiemn is
primarily abdominal, vestigially thoraoic (o posteriorky
cephalic). Both groups have maxillary glands bud [ack the
primitive antennal excretory elands of amphipods. Here
also, comnponents of the buccal mass, espeeially the maxillae
ancl manillipeds, are basically differemily constructed (see
Schram, 1986, Other major features of these two groups,
differing from theamphipods, occur inthe lack of peracopodal
gill elements, and in the umiversal presence of labeliate
{rather than annolary pleopod rami, and plate-like telsan
ievenin jovenites),  Such differences between members of
wese ordingl perascarican groups are numerous and funda-
mental, Their similasitics (in geoeral body fomn and lack of
carapace) appear more probably superficial and convergent.
The differences probably reflect basic differencesin lile-
style; the amphipods being primitively swimmers, sceondar-
ily crawlers (per Steele, 1988} aud ihe isopods and
brachycandans primitively crawlers, secondarily swimmers.
Allthese Tactors, incombinanion, suggest arclatively remole
coanumon ancestry of amphipods and sopods, and a long
pericd of subsequent ditfering evolutionary pathwavs.  As
wemay nole helow (po 83, the fossil record of these groups,
tinited as it 15, tends 1o suppon such a conclusion,

With respect Lo the Syncarida, overall similarities (with
e Amphipodal in body forn and strocture of some appeod-
ages cannol be denied (see Schram, 1986).  Such includes
abody thatis cvlindrical and carapaceless, eves that are boh
stalked and sessile, frstthoracic segment thay s fused (oso-
ally) to the bead, monthparts oourring 3 10ose fecal
oiass beneath the head. pleopod rami that are annulate, and
telson that & partly cleft (in some juvenilesy, Howewer,
under close scruliny, several similaritics apﬁcar superficial,
and comprise an anomalous mixture of primitive and ad-
vanced characterislics, many probahbly coovergeni or
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homoeplasieus. Thus. the cylindrical carapaceless body (g,
in Anaspidaccal 18 only weakly tagmatized between thorax
and abdomen, and metachronal swimming motion 15 Cafi-
tinuous belween thoracic exopods and the five pairs of
ahdominal pleapods.  Although the pleopod rami are
plesiomorphically annndate, the pleopnds per g (2xcept in
the ancestral Palacocandacea) are apomarphicatly uniramous
and usually anterioely sexsally dimorphic (Schram, 1986).,
The thoracie limbs (incloding maxiltipeds) are
plesiotmorphicilly birgmaons, and therr endopods apparenily
S-{rather than 7-) segmented.  Internally. although the
syncarid heart is cylindrical and dorsal, itis apomorphically
few- (or not} ostiste, and strongest abdominally.  Alsg,
syncand respiration is of a inere advanced lype (abdominal
as well as thoracich.  Moreover, synearids possess only
migxiltary ghands and lick the primitive antennal glands that
characterize amphipod excretory systems,  Alihough
syncands and amphipods share an advanced lecithotrophic
cegdevelopinenl, their reproductive life sivles and ontogeny
are very different and much less apommoephicin the Syncarida
(see Schoam, 1956).  In combination, these characier state
differcnces appear (0 b a) feast as greal as belween the
Amphipoda and other higher taxa within the Eumalacostraca,
and suggest that a ehose phyletic relationship beytween the
Arnphipoda aocd the Syncarida bas yel to be critically dem-
pnsfrated,  On the other hand, the gross character-state
similarities belween syncarids and amphipods may reflect
modifications required by shmilarities in benthic, brackish-
and fresh-water (possibly cold-wawer) e sivles thal ane
almost cenainly converzenl within many of the known Syn-
carida {including the Palpeocaridaveal and the Amppoda.
Regretably, the tossil record reveals linle direct evidence
bearing on sych relationships (see below, p. 83},

Palaeohistorical Model

Although the Tossil record of the Amphipoda is rela-
tively limited (since Upper Eocene, Oligocene {Karaman,
1984, Bousficld & Poinar, 1993), much can be deduced
wireetly froan present peographical distributions and con-
tinendal drift velationships, and fiom comparative morphal-
ney of component superfamily groups (see Boustield, 1982h;
Karamarn, [984; Schram, 1986, and Derek Brizgs, pers.
cotnupic,, . Thas, (the continental (reshwater distribution of
component families of the primitive gammaridean
superfamily Cranga~ycioidea parallels that of the Astacura
{Decapodal. where the fossil record 18 much betier docu-
menked, and soggests an early Gondwanian (Mesozoic, or
carlier?} ancestry,  On similar grownds, the world distribu-
tionof the small groupofinare primitve bypogean ingolfettid
atnphipods (see Stock, 1951 ), the gross marphology of
whose epipean forehearers canonly be hvpothesized, would
make 2 late Palaeozoic onigin of the Amnphipoda (as a whole)
seem not unreasonable (see Figure 3, after Boustield and
Conlan, 1990),  Such tming would be consistent with the
fossil record ol olher peracandan groups (e, Isopod,
Tanaidacca, and Cumacea) that extend back to the Lower
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Carboniferous, It is also nal inconsistent with fossil records
of other Enmalacostraca, for which primitive stomatopods
and syncarids are recorded from various levels of the Car-
boaiferous, and a primvtive replant decapod member
{Falaeopalgemon . 3 “proio-glvphaeid™ from the Upper
Drevonian, Theearliestand most prunifive Cruslacean groups
(phyllopods. maxillipads, and even the leplostran
malacostracans ), were mostly small, {ilter-feeding aod de-
posil-feeding marine morphotypes. Their fossil records ex-
tend back wartously wnto the early Palaeozoic, and may
indicate a possible Pre-cambrian origin for the Crustacea per
se. Howewver, the relatively abrupt appedrimce of major new
eumal-acostracan morphotypes in the Middle o Late
Palasozoic coincides rather neatly with the contemprancans
evolunon and proliferation of néw vascular plant groups
{e.q. pteridophytes, cyeads, Cordaitates)  These relatively
large, higher plant forms, along with attendant and endentic
inveriebrate Taunas, presumably fommed a basic and major
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new fooxl resource for larger crustadedns in cogstal temes-
trial, iresh- nd brackish-water enviroranents at this stage of
palzephistory.  Ancesiral anphipods. with features of a
“prote-ingolfiellid” (see p. 121} may have lirst appeared ai
et time.

Al any tate, the Tunited fossil record of the Amphiipoda
might indicate that most superfamily groups are of relatively
recent origin and evolution, probably since mid-Mesozaic
tines, some 200 m.y.b.p. (Bousfield, 1982b). The highly
specialized caprellidan Cymaidae cannotbe much ofder than
Encene, when their whale hests first exploited the food re-
sources of Teriary Scas, Similary, termestrial amphipods
iTalieridae) thatinbalil rain forest leat litter of Indo-Pacific
and tropical ruin forests, are unlikely 1o be older thén he
Cretaceaious Period when angiosperm forests first evolved.
Indeed, fossil @alitrids (Tom amber deposiis of Mexico and
the Dominican Republic are of Eocens Age, well within the
precited tine frame (Bousfield & Poinar, Jr,, 1994),



A Brlef History of Previous Classificatory Systemns

Early classifications of the Amphipoda may be de-
scribed as "arrangements” that seemad (0 have af least a seun-
phyletc basis.  Although the rutionale for these arrange-
inenls seem pot 1o have been clearly “spelled out”, the first
camprehensive gamnaridean grouping of s vpe wus
apaparently proposed by C. 5, Bare {1862) and continued
among major workers by Stebbing (1388, 1906) and Sars
(1895, The classifications of both by perinds and caprellids
have lorg been organized on a phyletic or semi-phyletic
basis {e.g. in Bowman & Grunee, 1973, MeCain, 1970
Vassilenko 1974; Lanbitz, 1993} and sub-taxa higher than
family level were often emploved.

With respect to pammaridean am phipods, classificaiory
Syateans {with vanants} were Characlerized by the early list-
ing of groups that were sirongly sexually dimorphic in
sensory feafures (eog. of oyes, antennag), and swimniing
appendages {eap. of pleopods, aropods and telsoon). Majm
taxg listed early in these treatments were presumed "primi-
nve" and included severad vegetstively fossorial familics
such as the lysiapassids, phoxocephalids, ponoporciids,
anpeliscids and wrgissids, Inermediate listings included the
amphilochids, stenothoids, pleustids. paramphithoids,
svnopiids, and families currently assigned fo superfamaily
Eusiroidea.  Advanced listings included  “Targe-handed"
types such as the Gammaridae, Liljeborziidac, and member
families of whal is now the superfamily Corophicidea, but
also contained some of (be most strikingly spinoss and
omamaented groups such as the Dexaminidae, and the (eoes-
mmal Talitridue and relatives. The Caprelliden were univer-
sally considered 1o be the mozst advanced of all ainphipod
subordinal zroups. During the first ball of the 2000 contury,
this classifcalory svatem was followed, with liitle variation,
by mostmajor workers, including Chevreox & Fage {19255,
Shoemaker (1930} and Guoganova (19510

In 1958, I. L Bamard introduced a prrely pragmatic al-
phabetical listing of families and genera withn the Gam-
wiarides, opom which he expanded in a later descriptive and
annotated compendinm of world-wide familics and genera
{Barnard, 1962a). He informally proposed, at various fmes,
several phyletic systems, most notably based on the
"Crammarws” prototype. and oo the "Corophivm” (Heshy
telson) ancestral Lype (Fig, 51 However, the "fleshy telson”
thesis, expanded and detailed in subsequent papers, and in
his major compendivm on freshwater amphipods (Barmard
& Bamard, 983} appeared to be inconsizen, with (he
overill marphological evidence developed by other wink.
ers. Although others soon gdopted the alphabetical system
fe.g, Buffo et al (1983, 1990 ), his phylete thesis received
little published suppon elsewhere, As painted out by Schran
{1994, his co-mnbor(in Bamard & Karaman, 1953) wrote
a dissenting opinion in a separate appendis o thal paper,
Despite these informal phyletic proposals, the classification
system of Barnard's subscquent collated works (e.g. Barnard
& Barnard, 1983 Bamard & Karaman, 1991) continued to
b essentially alphabetical.
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Meanwhile, e necd w develop a broadly acceptable
basis for nalural classification of related higher aya was be-
ing maore widely recognized. Bulycheva (1957yachieved a
phyletic "breakthrough” By tntroducing the supercfamily con-
cept. Talitroidea, that combined all ferrestrial talitrid and
aquatic byalid-like families. The success of this move was
soon followed by 1. L. Barpard's groupiog of all "leshy-
telson” wbe-boilding amplipods within newly proposed
superfamily Corophicidea (1973). Similarly, the families
of shallow-water gammaridean amphipods of the N, Ameri-
can Atlaniic reyion were presenfed madnly in closely related
groupings fe.g. Pontogenciidae-Balcidae-Calliopiidac-
Fusiridae, und Dexaminidag- Alylidae- Ampeliscidac) each
cquivalent to gn informal superfamily, by BousGeld (1973),

Dwring the mid-1970Fs, however, the need o group
relaled Tunilies was matched by an equally strong need to
separate oul obvinusly unrelated major 1axa thae had long
been submerged as informal subgroops within an “um-
Brelln” higher calerory. Thus,several distinctive free-swim-
ming or freg-crawling, marioe, freshwater, and hypogesn
groups had previowsly been "durnped” within an increas-
ingly large and and unwicldy helerogeneous family coneept
long known 85 "good old Gammaridae”,  Sunilarly, several
families of [ree-burrowing but phyleticallv disparate
amphipods {e.g. Phoxocephalidae, Haostoriidae (Ponto-
poreiidae), Argissidac. the urothoids, and even the Dogiel-
inotidae) had tong been Nsied in close phyletic or semi-
phiyletic proximity (e.g by Sars (1895).Stebbing (1906}, and
Gurjanova (1951, 1962). The gammarcideans were 3000
broken wp inig several new superfumilies.including the
Cranponyciloidea. Melphidippoidea, Melitoudea {later Had-
zindea), Bogidiclloides, with vardous family allocations fe.g.
Ganunarellidac) (a Ensiroidea, ete. (Bousfield, 1977). With
the superfamily concepl thus broadened, a phylelic arrange-
ment of all gammaridesn amphipods was then formaily
atlempted (Bousfield, 19793),  Encouraged by the accept-
anceof several 0f these linkages by Lincoln (979, Holsinger
{1992a) and others, the superfamily and family concepls
were further refined  (Bousfield, 1982a, 1983%), These
included s phylelic sorling out of the major sand-burrowing
taxa, areclassificatioo still in progress (e, Bousfield, 1989),

tir support of the intial formal phvletic arrangment of
superfamilies, Bousheld (1979) developed a pbhylogenetic
tree of relatonships (hat 15 examined again in this study
{p.125). Trees provide aquick "visual” of basic relationships
between groups of organisms, and have been widely ag-
cepled incunalacosiracanclassification (g,g, Siewing, 1963},
By employing munerical \axonomic methedology moedified
from Sneath and Sokal (1973, these relatonships became
more widely acceplable (Bousheld, 1983), The classifica-
Lone was recognized in principle in Mark Ridley's {1983)
explanation ol organic diversity, and incorpioraled in Lowry's
(19860 anal ysis of call ynophiore distribution anid, with some
reservations, in Schram's comprehesive book om Crustacea
{1986), The chart of Bousfield (1983), summarizing the
range Of plesio-aporphy in selected character siates within 22



Suborder

Ancestors

N

Suborder

Corophiidea
Corophiida

Corophtoidea
Ischyroceridae

Corophiidae

y

Caprogammaridae

Caprellida
Caprelloidea
Caprellidae

Cyamoidea

- Gammaridea
Gammarida
Gammaroidea
Gammaridae
[etc]
Urothoidea
Talitrida
letc.]
Suborder
Hyperiidea
Physosomata

Physocephalata

FIG. 5, PHYLETIC RELATIONSHIPS WITHIN THE AMPHIPODA
PROPOSED BY ). L. BARNARD (1969).

sub-ordinal and superfamily categnries within the Amphipoda
ixprovided in Fig. & {p. 86). The character states are ordered.,
with plesio-apomorphic values of [, 1, and 2, and (he values
apply to component families of the almond-shaped enve-
lopes for each superfamily and subordinal (axon. An index
of plesio-apomaorphy (PJA fndex) was derived by adiding the
values across the 12 characters (oreach taxon and expressing
then as a percentage of 24, the highest total possible . High
FiA values denote advanced, and [ow values primitive, taxa,
In terms of present classification (riemalion, we may note
thar the envelopes for superfamilies of Natantia range mainly
below, and those of the Replantia mainly above, the 507 Pf
Aldewvel. A certaindegree of overlap is notunexpected, where
the more advanced groups of Natantia (¢.g. Oedicerotidea,
Hyperiidea, Pontoparciowdea) range above, and the maore
primitive groups of Reptantia {e.g. Crangonycloides,
Gnnnaroidea) range below, the 30% level,

Recently, computer-based methodology has begn more
widely employed and the results more widely accepted.
However, these results may notnecessarily correspond o the
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actual route through which a group of organisms evolved,
Thus, ustng a4 Wainer 78 propram, Schram and Brosca had
(by 1986, above) produced a cladogram of relationships
among amphipod (axa thar was "guite at odds with anyihing
{then) currently in the fiterature”. Although apparently yet
unpublished. such a result would command respect. Brusca
and Wilson (1991 }obtaimed highly credible results in reclas-
sifving the Tsopoda, using a nwnber of ¢ladistic analysis
packages that incloded HENNIGES and PAUP {(version 3.03.
On the other hand, by means of a Wagner T8 progriam,
Schram (1984} had emnployed 31 paired charcler staies in
developing 4 clapdagrams of relationships of major taxa
within the Eumalacostraca, ali of which placed the Tsopoda
as the phyletically closest outgroup to the Amphipoda,
However, the character states found to be phyledcally
"synapomarphic” in these two taxa (nos. 13, 14,71, 22, and
31 - i, unimmous thoracopods, pleopods lost or reduced,
presence of thoracie coxal plates, eyves sessile, carapace
absentyare features that areespecially volnerable tobroadly
cumalacosiracan convergent evolution. In our view, the
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FIG. 6. RANGE OF PLESIO-APONMORPIY IN SUBORDINAL AND SUPERFAMILIES
OF AMPHIPODA (AFTER BOUSFIELD, 1983)

hasic dilferences between isopods pnd amphipods (e.g., in
embryvonic development. in mouthpan morphology, and io
anoulate vs. flabellate pleopods) are more significant and
less subject to homopkasy: morzowver, such characier stales of
the Amphipoda find muech closer parallels within the
Mysidacea and Lophogastrida. as noted in the analysis of
Brusca and Wilson {19913,

A recem analysis of amphipod classification. using the
PAUP ¥erzion 3.0k program, has produced 5 cladograms of
Phvlogentic relatonships of amphipod families and subor-
dery congidersbly ut yvariance within anything previously
published (Kim & Kim (1993}, However,the validity of
these results has been quesiioned by Schram (1994, since
the anlysis of the entire amphipod laxonomic assemblage
considered only 20 families (aboul 13% of the total) and only
la characters (of more than 50 that could be deemed useful).
A further review of that stody also reveals that 10 (625 of
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he selected characters concern oaly mouthparts, wropods,
and pleopads, of essentially non-reproductive orientation,
and thus of probable lesser phyletic significance,

Investizations elsewhere comnbuate usefully to the so-
luinn of problems of amphipod phyletic classification,
Conlan {19, 199137 is continuing studies on the signili-
cance of sexual dunorphisan of the grathopods and of mafe-
oparding strategies in the phyletic relationships of
corophiodean amphipods. As we find in the present study,
her work applies more broadly acress the superfamilies of
Feplanti amnd geross the Amphipods generally.

Other major wotkers in amphipod phylogeny are inves-
tigating potential amphipod-syncarid relationships (D H.
Steele, L. Watling, personal communication).  In prosend
studies, we have vet found little evidence for such a relation-
ship, butapplavd their wide and stimulating interest in class-
ificatory aspects of amphipod crustaceans,



A New Approach to Amphipod Phyletic Classilication

As puttined previousiy (p. 770 the curment sttus of
phvielic classilication of the Amphipoda finds no single
system universally accepied or satisfactorily ireating all
major problems of natural relaionship,

The following semi-phivietic approach 1o classification
af amphipod eristaceans is hased primarily on repreduoctive
morphology and behaviour, as outlined recently by Conlan
(1991a, b:Fig.?, here), Tnsumemary, ainphipods thal search
vl and mate freely. usually in the water calwmn, wend 0 he
closely redated phyletically, and may be collectively ermed
Amphipoda Natantia. Those that mute on or o hodkrn sul-
sirigty, Tollowing a period of “mate-guarding” procanity
hetween males and fomales, are kess closely related eo each
olher phyletcally, but exhibit such sumilarity of life stvle as
to be conveniently and pragmatically termed Amphipoda
Reptantia, The primury featurcs (hat distinguish these two
principal catepories are given in Table | and wzaed
greater detail in the following lext,

Although this semi-phyletic approach covers all major
groups of amphipods. 81 subordinal and superfamily levels,
it doas net pretend 1o salve all problemns of natwral clissii-
cation, al all taxonomie lewels.  In this essay we have
atrempied (o 1ackle some of the more vexing preblems, using
the Natianua-Reptantia approach in a manner that may point
to ulnimately commect phyletic solmions. Many problams
remain unresclved and await input from yet andiscaverid
taxa, and hroader input from more recent and e basic
taxonomic tools such as olirastiructoral analysis, electro-
phoredc serolopy, and eventually DNA-DNA hybridization.
Especially vexing t0 gross inorphological analysis are these
laxa whose inmediate characteristicsare "reptant” (at Faniby
and peneric level) bul which prove more or less clasely
related to groups thal are privarily "natant”. We conclude
that the problem of convergence is encountered in virtu=illy
every facet of phyletic imvestiganon, and allowances For this
phenomenon must be made accordingly.

[n the following seolions we consider the phyletie sig-
pificance of sexually dimorphic characiers and characier
srales, as evidenced inboth tre Natantia and Reptantia, loihe
first part of the analysis. we consider the antennal sensory
nrganelles. reproductively significant [erlores of the
gnathopods, and phyletic irends exibited by uropod 3 and the
telson, o the second part, we examine classificalory prib-
lemns posed by the present status of hyperiid-gammand and
ingulfielid-garnmarid morpholoyical relatonships, and the
difficuliies encountered in the swdy of fossorial amphipods,
and enigmatic hypagean laxa,

In our concluding section we present, in tabuolar form, &
Inoadly vevised listing of subordingl, supesiamily, and fam-
ily level faxa within the umbrella concept of MNatantia-
Replantia.  Decavse the concepl concernity Reptantia is
exsemtially pragmatic, and because cladistc taxonornic analy-
sis is especially difficult to apply within the Amphipoda, our
concept of kigher level phyletic relationships is presented in
the form of a phyleiic ree, revised from previous studies,
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FIz. 7. Matant and Reptant  Amphipeda
Feproductive Setiing fafter Coolan, 1981).

In & more complete shidy, we might have included
aoalysis of cther magor groups of appendages, expecially the
mouthparis, peraecpods, and pleopods. The significance of
mouihpart morphology in the phylatic classification of
amphiped cruslaceuns hay been ouilined previously far
gammanideans by Boushield (1979, 1982a, 1983, efc.) and
Ramard (1969, cie,), Tor caprellideans by McCain (19710
and others, and for hvperiids by Bowman and Gruner {1973).
In general, mouthpan morphology is a direct reflection of
fowed prieference and feeding methodolozy and is sigmheant
mainky at the family level of classification. Although thelr
character states seldom mirror reproductive behaviour, cer-
tain features, especially of the mandible, are considered
basic top phyletic classification, However, [or development
of more credible phyvletic resul s we would advise caution in
utilizing mouthpart morphology to the exclusion of
repraductively signifcant characler swates,



The Natantia-Reptantiz Semi-Phyletic Concept of Amphipod Classification

In g recent study of the enigmatic new gammaridean genus Aeniopedes, Moore and Myers (1988) opined that amphipod
classification tacks a “soundly based analysis™ ol higher taxa or & “well founded™ phylogeny,  Such a comment mav
technically be truc in a cladistical analytical sense. However, itapparently overlooks the loog period of systematic stability
Quring the Mrsthalf of this century when the most widely accepled classification of amehipods was based onthe semi-phyletic
arrangements of Swis (18950, Stebbing (1906) and other major workers, The lack of cladistic analyses in no way prevented
development of wuiversally accepted natural classifications within other majon animal groups, e.g. Mammatia, Aves,
Eeptilia, to name a few.  Inthes study, the new higher clussificatory concepts are hased on what might be tenned  "lirsi
principles” thamay be tested cladisticallv al a later stage, and are diggnoscd and described ag follows;

AMPHIPODA "NATANTIA"

1. Primarily strong swimmers during reproduciive behaviour, even wherne the vegetative Life style is
benthic ar infaunal;

2, Sexes mate freely (usually synchronous]yh in water colum. or ondin the sybsiratam,

3, Sexual dimorphisi: in mate-seeking mules, the body form, antennal size and armgnire, eve size, and
structure of the pleopods, vropods and telson differ, usually strongly, from (hose of the famale. Sexual
dimorphism in gnathepods is weak or Beking, The male is oypeially smaller than the female.

4, Male morph has a detenminate moult cyele (6-8 stages); the adult stage is terminal and the male dies
after mating. Females are useally semelparsos,

5. Themale antenna Lis nearly always coupped with a callynophore; peduncutar segments 3-5 of antenni
2, bear anterion marginal brosh setae. Cakceali are frequently and variahly present on one or both anien-
nac. The flagellun of antenng 2 i frequently elongate in the male,

6. Reproductive behaviowr iypically docs nol involve pre-amplexus, except vt in some Oediceratoides,
and a [ew other phytetically advanced 1axa,

7. Almost alltaxa are exclusively marine, often with strong representation in the deep scafLysianassoidea,
Pooxocepbaloidea. Slegocephaloidey. Hyperiidea, Synopinidea, Pardunscoidea, Dexaminioidea,
Ampeliscoidea, Melphidippoidea. A Tew cusitoideans, melphidippoideans and allied groups f{e.g.,
FPhreatogammarus, Seasonator). and some oedicerotoidenns inhabil fresh waler, and pontoporeioideans
inhabit mainly fresh or brackish waters. The vegetative life stvle is free-living or commensal: a few
Iysianasspidenns und pardatiscoideans are ecto-paragitic, Some ensiroidean geners (within Pontogenziidae
and Callwopiidae) and a lew melphidippotdeans ( Plreatogammarus and Sensondaiar] are hyposean in
fresh water.

AMPHIPODA "REPTANTIA"

1. Primarily mate-guarders durtng repraductive behaviour. Free living forms tend (o be carriers, an utilize
gnathopods in pre-aimplexus with the female until ber ovolating moult, Tube builders and semi-sessile
oroups are mate attenders.

2. Sexes male on or in the botlom, rarely in water calume,

3. Sexval dimorphism of gnathopods is usually strong, The male is ypical larger than the female hut
otherwise not markedly different in form. The antennae mnay ditfer in size sexually,.

4. Male morph growih stages are indeterminatel 8+, with twoor more sexual inslars; continues to feed and
mafes continuously alter maturity. Females are usualluy iteroparcus,

5. Male antenstac Tack callynophore and brush setae and are seldorm rarely equnpped with caleeoli, except
in some primitive taxa. The Oagellum of anntenna 2 s not clongzated.

&, Mating behaviour involves involves pre-amplexus andfor inatc-atiending agonistic displays by males,
aften of lengthy duration.

7. Most groups are marine (Leucothoidea, Capreilidea) or muinly so (Hadzicidea, Lilie-borgicidea,
Ingalfizllidea, Corophioidea) but with relatively limited representation in the deep sea. Nearly all have
[reshwater representatives, The vegetative life siyle is fre-living or commensal, fossorial or domicolous,
andoccasionally parasitic{external), The Crangonycroidea, Gammarnidea, Bogidiel loidea and Talitroidea
are primarily (or nearly exclusively) freshwater andfor terrestrial, Al groups except the Leucothoidea,
Corophiividea, and Caprellidea contain one or more hypogean species, and the Bogidiclloidea and
Ingolfiellidea are cxclusively se.
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The Callvnophore

The pussible significance vf thecallynophore in phyletic
clussincalion of amphipods was Mrstintroduced by Lincaln
and Lovery { 19847 and sunplified formally by Lowry (19863,
This siructure consists of & bundle of enerally close-ser
agsthetases onthe posterior. of posierc-medial, margin of the
lused (or conjoint) busal segimenls of the Augellum of amen-
na I. The callynophor: is distribited across 3 wide apectrun
of umphiped taxa, incloding all Hyperiddea, but is churacter-
tstic of superfamily groups within the Natanda (Fig, £, It
alstraceurs widely across pelame mgrine Malacosaca such
as the Mysidacea, Lophogasiriity, Euphausiacea, and Decs-
poda Natnia {e.y.. Dendrobranchiats, Caridedd {Lowry.
1986, The strecwre atmicsy corlainly occumed in estingt
presmnably pelagic malacostracan groups such s the Pygo-
cephilomorpha {Mysidaceal and various "Evcuritacea’ and
Waterstonellidea. bul present inkerpretation of fassil speci-
mens does net Clearly demonsirate this fealure (e.p. in
Schram. 1986). However, the callynophore ocours only
sparsely 1 reproduciively pelapic males of the infaunal
Cumacea, and is rare {perhaps secondarily developed?) in
isopodds. Bis apparently lacking in stomatopods, sybcirids,
and al otber essentially Benthic, replan, or freshwater mat-
dUisIracans,

With respect 1o Menciion. since the callynophore cone
sisbs ol pesthetuses of various sizes and densites, its primary
ol s almost cerainly chemosensory, hut in some decapods
may also be tactle or inechanical, Inmestamphiped groups
the callynophore is devetoped only in the linad adoll male
instar, and would scem b of direct reproductive signifance
in the detection of females within the water column, How-
BYET, i SOMe genenic groups (L., within Lysianassoides.
Synopioudea). callynophore-like structures may alse be pres-
el i natore females and subadull stages, perhaps indical-
g a possible secondary role in detection of Tond resources.

Representative formis af callynophores. within the Am-
phipoda, are illostrated in Fle. 5. Lowty (1986} has de-
seribed a one-feld wrmangement of the callynophore within
ranilics Pliyishnopidae, Usothoidae and Phoxocepahlidae
(Phoxecephaloidea)., o condition he considers primitive, and
10 some byperiids (c.g. Acchasscinidae), perhaps converg-
endy. In all ather tuxa the sreanpment is two-fiekd. The
callvnophore 5 especially sirongly developed in pelagic
camivores dnd necrophages, often where caleeoli are weak
or lacking. such as within the Lystanassoided. Synopividea.
Pardaliscondea, Stegocephaloides. and Hyperiides, How-
ever, with few exceptions, the callynophore 15 weak or
lacking in reproductively pelagic but veectatvely beathic
groups such as the nestling Dexaminoides and tube -huilding
Ampeliscoidea, and the fossorial Phoxocephaloides and
Pontoporeioidea, It is also weak or lacking in several
subgroups within Natantia where the iotal life cvele isesseni-
ially benthic and wfaunalie.o. Havsioridae §, or couunensal-
parasitic {e.g. smne Lystanassoideal andfor where
preamplexing reproductive belhavipur has sceondanly and
convergenly developed tep. in Paracalliopiidae and
Cxoedicerotidae within Qedicerntindea),  Curiously. the
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callynophore 16 surpasingly infrequent, or weakly devel-
aped, in the mainly marine, bul mainly acalceclate family
Oedicerntcse ancl, within superfamily Eusiroidea, is appar-
enfly restricted to the pelagic, primitive family Epsiridac,

The callynophore is almost olally lacking in the
reproductively benthic Reprantia, including the Caprellidea
and Ingelfielhder. even in those thal bave apparciily be-
came secomdanily pefagic fe.g., Macrohectopus: Gammar-
ouled). However, callynophuoraie-like siructures have been
reported itoma low Amphilochidae (c.g. Austropheonoides,
Felweoxa) and Cressicae {Cressa o ristaia) within the pritni-
tve suberoups of Leudathoidea (Lowry, 1986).

We may regsonably conclude, thercfare, thai the
callynophore (and it character states)y offers one of the
pirentinlly most nseful criteria of reproductive life sryvie
wilhin the Amphipoda.  Although its ocourmence across the
spectrimn of wnphipod soperfamilies 15 subject 1o 30me
homeplasicus tendencies, such abercancies may be cor-
related with non-reproddoclive Jife style and are thus predict-
able. Inbroader perspective, the peesence of a callynophore
is 4 plesiomorphic. or basic fenture of malscostracan repro-
ductive morphology, and in our view provides a primary
basis for development of 3 phyletic classification within the
Amphipoda,

Antenmal Brush setae

The term “brush setae”™ was first applied by the author
{Bouslield, 1979a) 1o describe the dense tufts or clusters of
short brush-like setae that variously {ing the antenor margins
of peduncular sepments 3.4, and 5, of antenna 2. A more
refined term "eallynosetae” might ke coined from the Greek
raatemployved by Lowsy (1986) in naming the callynophaore.
Brush setae may occur also on the posterior (lower} marg ins
of peduncular sepments |-3 of antenna 1 e 2., in Deygmin-
otdedh.  To date, brush setae have heen fonnd only in the
terminal male slage of pelagically reproductive amphipod
superfimilies, and not vel in subadult inales, females andfor
Hunatures. They alseovcur in pelagic males of olher pera-
caridon tixa soch oz the Cumacea and Mysidacea,  Brush
setae are weakly 1o moderately developed in calceolate am-
phipod taxa such as the Phoxocephaloides, Pontoporeioidea,
Eusiroidea, Oedicerofoides, and Lysiannssoidea. They are
almist invariably present, and most sirongly developed, in
niii-calcenta: superlamilies of Natantia such as the Pardal-
iscotdes, Synopisidea. Dexaminoiden, Ampeliscoidea and
Melphidippesden, b are less well developed or cven tare
within the Stepncephaloides ad Hyperiidea (Fios, 8, 300

The funchion of hrush setae is yet unknewn and conjec-
tural.  Although they have not yet been siudizd in ulra-
struclural detail, in gross morphology they appear as modi-
tied setae. catber thao thin-walled as in aesthetascs,  Their
role may be lactile, during the process of copulation, when
the male s hriclly in close conlact with the female.  The
presence of brush sewae ooly inmasdes and only in plesiomor-
phic laka (within the Natanua) suggesis stronghy that their
Tunction is of reproductive significance. and thus potentially
of primicy vidue in phyletic classification,



A. LYSIANASSOIDEA
{(Hyperiopsidae)

B. STEGOCEPHALOIDEA

Stepocephalus Access, flag.

c P o
,»@l’ff&wi} C. PARDALISCOIDEA
ﬁ';fs' " Pardalisca sp.

D. HYPERIIDEA

E. AMPELISCOIDEA

Ampeliscsa sp.

FlG. 8. TYPES OF ANTENNULAR CALLYNOPHORES
[after Barnard (1969), Bowman (1973) and other sources]
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The Calceolus: Occurrence within the Amphipoda.

The possible significance of antennal calegolt i the
phyletic classifeation of the Amphipoda has beenalludedto
variously by Bouslield (197%a, 1983, Lincoln and Hurley
(19813, Lincaln {1984) and more recently by Godirey.
Holsinger & Carson {19883, Swaploton, Williams & Bamard
119488}, Holsinger ( 1992}, and Sieele & Stecle (1993}

The poncipal catwres of these dnenngl microstructures
hive been outlioed by Goditey gral ( T9RE), with speciul refl-
erence oy those of gencra within the primitive superfamilies
Crangonycividea and Gainmaroidea of the Repiantia. The
calceohus 1y a slipper-shaped membranoos microsimeiore
attached varicusly tothe anteromedial segmental margins of
ihe Magella and peduncles of both aoenng |iantennsbedand
antenfia 2, The combination of its structurgl form (in
advanced orms: similar to that of a parabaolic radar “dish™),
andl its anterior antennal location, may indicate that il fune-
tions primarily as s mechanoreceptor for detection of aquatic
vibranons.  Hivwever, 10 conervatinn and congecimon w the
brain has nol yet been axcertpened, nor have mict-aoousical
shuiies vetconfinmed its troe function, The calceolus is not
tobe confused wilh the acsthetase, o sublingar thin-walled
microstucture of mainly chemosensary function., (oopd
only on flagellar segments of antenna | in nearly all species
ol Amphipoda. The aesthetasc also occurs widely across
malucostracin ordingl subgroups, including the Decapock,
The calceolus is also readily distinguished from brush setae
anid olther Sewa-like siruclores Co-GCoWemIng an antenigl
peduncular and Magellar semmnents.

Representative types of mnphipod calceoli are itrs-
trated here (Figs, @ &1 Calceoli-like struciures are found
on 1he proximal flagellar segments of antenna 1 (male’ of a
few uther milacostracans, nolably within the Syocuridiat An-
aspidaces: Koanwnga cuesord and the Mysidacea (Mysida:
Xenacanthomysis piendomacrapsish, Such strucures arg
nol constdered calceals by Lincaln {pers, cotnmunic, ) aml
may be of differant function. or convergent in form. How-
cver, they are mcluded here gs of passible phylene sigmfi-
cance within the Malacostraca and, tnour view, merit further
detaited comparative micro-anitomical ond bebavioural
Study.

Within the Amphbipoda, the calceclus of the
Crangonycioiden (Figs 2.10) appears to be the most simpli-
fied, and probably most plesiomorphic in fonn (catcgory %,
of Liocoln and Hurdey, 19817, It consists only of 2 basal
stalk and elongate {usually namow, occasionally distalty
briadenad) body that bears pumerous (204) elements of
similar simple swucture. Holsinger (1992) has distunguished
two subtypes of calceeli within the Crangonyetioides, The
catveofos of nofhem Crangonyctidae 15 slender and elon-
gale, with an stmple branched internal "tree-trunk " comfigu-
ration,  Some separation of basal elements in Craaganvy
richraordensis  (illostrated by Godfrev et al, 1988} ane
suggestive of "proto-receptacles”. By contrast, the caleenius
of the austral Sternophysingidae and Paramelindaz is typ-
ically broad, paddle-shaped. and its inlernal tree-rrunk con-
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ligoration has more numerous indistinet braoches, a
tecmingly more printive condition.  In slighiy moe
advanced types of calceoli (Fig 10 Phoxocephaloidea), the
clements are fewer (10-15 in Platvischnopidag; 4-G in
Phoxocephalidae b; dnd the body rmay be shon gond spajulate,
ar barrel-shaped, as in some Phoxocephalidas.

Inmere advanced types of calceoll, ihe basal element is
broadened and modifed intoa receplacle (weakly developed
in Ponwoparcinided and Gunmearoidea, strongly s in Busir-
oddea), and the stalk is distally expanded into a bulla or
resonator, weakly and morte strongly in those same proups.
respectively,  In some Pontoporcicides {Bathyporendach.,
finger-like processes protrude over Lthe proximal eleinents.
In the most advanced lypes of calceoll (viz., in some
Eusirnidea: Garunarellidae, Eosiridae; Fig. 9), and in some
peligre Lysianassondoea (ep. fofimoprs spp., Lowry and
Stochdary, T992), the disial clements are few and widely
separated from one or more large, cup-shaped receptacies,
and ihe bulla ts prominent,

With respect to the Eusiroidea, Steele & Steele (1993
found two types of calceoli in Gammarellus angulosus, viz,
a large "penwgeneiid” type and a smaller, but more com-
plex "gammarellid" type. The former occurred singly only
on Qagellar seginenes of firse and second antennae of matuee
males. The latter wore found encircling the flagellar sep-
ments of larger immatures and females as well a5 mature
males. Although Steele & Steele {fog, ¢il) have urged
ciaution i the use of caleeoll in higher classification, their
work may be inferpreted as directly supportive of such use,
Thus, the basic pontogeneiid type, in males only. would
dircetly Link the Gammarellidae to other familics with sim-
far male-only calceoli, now placed within superfamily
Eusirofdea, The smaller, more specialized calceol of all
sexes and stages of Gummarelus, are almost certainly not
reproductively significant, Instead, these may assist in the
detectionof petagic prey noranisms by all life stages of these
rapiorial predaiors.

The evolutionary morphological scyuence withio the
caloeoli porirayed here is befieved o match more closely the
phylopeny of corresponding superfamily groups. based on
other character stales (see below), than does he somew hat
pragmalic sequence originglly provided by Lincoln and
Hurley (1981,

A graphical plid of the types of caleeali and iheir
distmbution by antennal site, sex, and bhigher taxon, can be
linked by means of a branching arrangement with relation-
ships that, in parl, dre remarkably simdlar to phyletic ar-
rangements derived chsewhere from analysis of ather char-
dcter states (Figare 111 In ihe hirst beo calcgoncs, this
arrangeiment gees saomewhal beyond the relationships pro-
posed by Lincaln {1984} on the basis of the taxonomic
(classificatory pdistribution of calceoli. In the present chart,
the positions of the major axa in the various “boxes™ are
correlated primarily with the distribution (or lack) of calceok
on one or other (or both} antennae. along the horizontal axis
4nd with the morphological type and its sexual cccummence,



A. SYNCARIDA B. MYSIDACEA

Xepacanthomysis pseudomacropsis |

Koonurga cursord

C. AMPHIPCDA:GAMMARIDEA
A. CRANGONYCTOIDEA

Bathyporsig sarsr

Diporaia hoyt Batfhiyporela quoddyensis
O. brevicornis Amphigorela virginfans
C. GAMMAROIDEA )
Gamrarfdas Pontogeanai|das
Mescgammaridas

FParamasoganrymanls
AMAICAnUE Gamymarys oceanicus

D. EUSIROIDEA

Paradleptamphopidas

Preamlklandslla Paralepiamphopus sp.
cuspidats Gammaralfus sp. Gammareffys sp.

FIG. 9 TYPES OF CALCEOLI TN GAMMARIDEAN AMPHIPODA AND
POSITIONALLY SIMILAR ORGANELLES IN QOTHER MALACOSTRACANS
[modified lrom Lincoln & Hurley (1981} and other sources)
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CRANGONYCTOIDEA
CRANGODNYCTIDAE

PARAMELITIDAE

Perthlg branchlalia Cranganyx richimondenaia

PHOXOCERPHALCIDEA
PHOXOCEPHALIDAE

Tipimeginae
Waltargl ap.

Pontharpiniinae
Mandibuiophoxus ep.

PLATYISCHNOPIDAE

Eudevenopinae Platyischnopinae

URCTHOIDAE

Lirothoinae
Lirothon ap,

FIG, 10, PLESIOMORPHIC CALCEQLI: REPRESENTATIVE SUPERFAMILIES
AND FAMILIES [alter Jareelt & Bonsficld, (1994 a, b), Goedfrey et al (1988), and other sources]

on the vertical axis. The vertical and horizanial axes also
simulale, fanwise, an approximare evololionary lime scale
tor the probable first appearance of the ancestral lypeof each
M or 1%0nomic group.

In this tentative scheme, the arrangement s tooted 1o &
presumed mysid-like oul-zroup in which caleeolos-like sTrug-
tyres were possible (el Xengcanthomysis; Fig, 9), at least on
anienng 1 oof 1he male. Such struciures very probably
occurred in presumed former epigean and pelagic morine
ancesiors of the now hivpogean relict subbrder Ingollielliidea.
and of the continental freshwater-endemic Crangonyctoidea.
Such epigean and marine ancestral types have not vel been
found cxtant, o in ihe fossil record, bul are predicted from
tns study and rom earlies considerations fe.g. Bousfield,
1982b), Inthis iwo-dimensional scheme, all members of the
seven calecolate superfamilies, and the enigmatic
imelphidippoidean®y hypogean calceolaie Sensonaror
valpatiensis Noteaboam {1986), cannol be conhined cleanly
withinany given griphical box . Such varianee 1< altnboable
ta parsllel development, diversification, and subseqent 1oss
of calegali from the antenna of both sexes, presumably in
responsetochanging Ffe stvies within the various taxonomic
subgroups. Notably, the more strongly calceolate super-
family groups (calceali oo both Al and A2, left column} are
those in which members are primarily pelagic and/or mate
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frecly i the waer columnn.  These include wost of e
Phoxocephaloides, Pontoporcioidea, Lysignassoides,
Eusiroidea, and Oedicerotoidea. The less swongly
caleeolate soporfamilics (with rare cxceplicns, caleeolt on
AZ only, right column} are found in the most primitive
members of benthic superfamilies of the Replanta, such as
the Crangonycloidea. and Gammaroidea.  The position of
acalceclate superfamilies 1s tentative, bur is guided partly by
the presenice or ghsepce of an antennal callynophore and
other presumably primitive, often vestigial characters such
as male antennal brush setae (see below),

With respect to the sexcs, the more primidive lypes of
caleeoli occur (with very few exceptions) in the males only’
catezory bf presumed most primitive superfamily taxa such
as the Crangonyctoiden, Phoxocephaloides, Pontoporeioides,
andmestof the Lystanassoidea (upper wo rows). Calcenlate
females are frequem in pelagic (espectally rapinral) mem-
bers of Eusitoidea (eg. Eusiridae and Gammarellidag}, in
some large hypozean prodalars i mors printitye groaps (e.2.
Crangonvy packardi, Sensonator, p. 123}, but rare in the
fossorial Oedicerotidae, and benthic Gammaroides.

With respect to calceslus morpholagy, the more ad-
vanced tvpes occur mainly in the camivorous family sub-
eroupsof the pelagic-mabng Eusirioidea and Oedicerntoidea,
and inthe primitive benthic Gammarcides (lower iwo rows ).
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CALLYNOPHORE: @ Strongly developed, or present in most members
#& Moderately developed , or prosent frequently
*Weakly developed, or in few members

FI1G. 1. PHYLOGENETIC RELATIONSHIPS WITHIN THE AMPHIPODA ACCORDING TO
ANTENNAL DISTRIBUTTON AND SEXUAL OCCURRENCE OF CALCEOLI
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These dismibutions suggesthal calocol developed ini-
Hally (in males only) s a device presumably for detecting
spectes-specific swimming vibrattons of femates at mating
time, The calecoli boeane hive become secondarily ndapted.
and mere comples struciurally (in free-swinuning rapioes),
lor detecion ol cscape vibealions of ree-swinuning proy,
and thus developed in fomales and immatures, as well 35 in
reproductive inales. Asmaling sivies changed (rom pelagic
ta benthic andfor hypogean, lolic tw lentic. marine Lo fresh-
wiler, volving pre-amplexus (see below), the primary rdle
vl caleeotl correspondingly diminished er disappeared. The
ol reduction and disappearanceod calceoli from make anten-
pie wis apparently Ors from antenna T, and ther antenng 2
ae the latter, the sequence was fast from e pedoncly, pod
Itnally from the tlagellum. However, a noted above, calc-
eoli persistior beeone seeonduntly developed)in hoth males
andfemales of some ¢pigeande. ., in some Anisngammaridag
and Gammaridac) andfor cave pool amphipods (22, in
Crangonyy packardi and Sternophysine cafeeofa of
Crangonyctoidea: Sensonaror valeniiensis (Melphidip-
poidedt), und some laree paraleptanphopid eusiroideans of
MNew Zealandy (Bousfield, 19807 where e siyles presume
ably remain Mree-swimming and rapional.

Conathod Structure and Phyletic Significance

O all morphological churacters of amphipod crusta-
ceans, the enathopoxds (peacopods 1& 2 of fonnal malac-
oslracan ierminolozy) have previously been considered one
of the mest significant and fondanental indicators of high
level phylelic relatiooships, ol least silhin the subannlers
Gammardea (Sicbbing, 1906; Bumard & Karman, 199 ),
and Caprellidea (Laubitz. 1993; Takeuchi, 1993} Initially,
and based on early taxonomic sisdies on intertidal aroeps of
“wpod ald Gammandac™ alnonbwestem Europe (1. H. Stock
cancepth, the sexually dimorphic. powerfully sebehelaw
form 0f the gnathopods, uilized in sexodl precopolatoery
carrying behaviour in the male, wis considercd by many
workers as the basic or ancestral amphipod reproductive
Foemn dep o, Barnard, 196%).  More recently, however. ex-
tensive eomparaiive morphologienl studies have beon von-
ducted on gaathopods and other phyletically signilicant
characters (e.g. Bouslield, 197%, 1952a, 1983, 198a), and
the seope of their ungion in reprodoctive bohaviowor {c.y,
Borowsky, 1984; Conlan, 199 1a). These studies bave come-
lated grathopod marphology and sexoal dimorphizm, across
a rather broad specunm of amphipaod soperfamilics, with a
pre-amplexing and/or mute-goarding fonm of reproductive
hehaviour.  As summarized parly by Schram (1986), this
[omn of reproductive Behaviour & oow considersd by mos
waorkers as latively haghly evilvied and speetalized within
the Arnphipodil as 8 peragaridan group.

What then might be the probable ancestral tonm of the
prathopods, and concomitant aneestrul reproductive lifs
style wilhin the Amphipmla?  We mighe firse ook o
enathopod structure in members of various superfamilies
that are classined as primiive on the basis of other
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plesiomorphiv charscter stales (per Bouslield 1979, Y83,
etc.). The Lysianassodes is one such superfamily group lor
which the distal porions of pnathopods | & 2 of species
represeniative of ¥y mare primilive component families
iValettudae and Unstidue) are detailed in Fig. 12, In the
very primifive genus Vafertiopsis Holmes {see Barnard and
Ingram. 1990}, the carpus and propod of both gnathopods {in
Iyl sexes ) are subisionlar, modergtely slender and elongaie,
each with subpiealle] anteror (uppern) and postenior {lower)
margins. The prapod 1s weakly but normally subchelaic, the
ductyl short and closely fitting the slightly oblique palm, In
the slightly inare specialized penus Hirondella | the carpus
of znathopod 1 s relwtively short and shallowly Iobate
below,  The propod is shghdy narrowed distally, with an
exacavate palm. overlapped by the tip of the dactiyl, o
erathopod 2, the propod 1 reladvely shan, and the palm
stighily oblique forwards {parachelate). In the genus
Veririedla , gnathopod 1isliule different, butin grathopod 2.
the propod Bas become much shortened, @nd the palm and
thacty] much reduced in size to fomm a micro-subchela that is
tvpical of the more advanced families and genera within
Lysiangssoiden,  Wilban Orchomenella (Tamily Unstidag),
in addition 1o the micro-subchelate form of gnathopod 2.
gnathopod 1has alsobecome structurally modificd inhaving
a mych sharlened carpus, il relatively narow and deep
posterior libe, aml tre propod bas beeome broadened, and
the palm and dactyl colarged and stightly parachelate.

In sumrmiry, despate minor mddifications within an in-
creasingly sophisticaled generic series, we may note thal
the plesiomorphic formn of both grathopods may be de-
scribed as non sexually dimorphic and weakly subchelate,
with slender carpus and propod. Within the Ly sianassoides,
charavierized by gnathopods of the above fype, mating takes
place freely and rapidly m the water column, and there is oo
pre-amplexus or mate-goarding phase.

Grathopods within Natantia,

Wweexamine amuch broader range of superfamilies in
which reprixluctive oF mating style 15 Iree wilhio the water
column, and the 1axa are relepated to the subproop Natantia,
a4 correspondingly braad range of gnathopod Lypes can be
wemified (Figs, 12, 131, Wilhin the primitive fossorial
Phoxecephaloidea, pnathopod Lypes range from the basi-
villy plesinmorphic form ootllined 1o the Lysianassoides
{aboyve), toa cusiroidean form with powerfully sub- or para-
chelate propod and dactyl and slender posieriorly lobate
carpal wrist. Lnsome specialized lysianassids (hyperiopsids),
custroideans (leptamphopids), slegocephaloideans,
pardaliscoideans, synopicideans, dexamineideans
{lepechunellidsl, ampeliscoideans, and some melphidip-
poideans (Mebphidippidac), the carpus and propad (of hoth
gnathopods ) may be secondarily abnormally elongated and
slender. Lo others, especially the highly maodified and
specialized members of the fossorial, micro-camivorous
family Oedicerotdae, the grathopods areraptarial or fossortal,
but typically volike in fom. and the carpus s often much



GNATHOPOD 1 GNATHOPCD 2

Valettiopsis

VALETTIIDAE

URISTIDAE

FIG. 12, FORM OF GNATHOPODS | & 2 IN LYSIANASSOIDEA

[after Barnard & Ingram (1990) and other sonrces|
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PHOXOCEPHALOIDEA

URISTIDAE

EUSIROIDEA

FALKLANDELLIDAE
GAMMARACANTHIDAE

PONTOPOREIOIDEA

EXOEDICEROTIDAE

% OEDICEROTIDAE

FIG. 13, FORM OF GNATHOPODS 1 & 2 IN SUPERFAMILIES
OF AMPHIPODA NATANTIA (fram various sources)
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sharlened and strongly produced posteriocty. 1w eatire ape-
pendage fonctioning perhaps as a digging tool, as well 35 4
raptorial chela.  In hyperiids, the gnathopods ane wsuafly
short and stmple, nearly alike in form, and may serve mainly
as accessory mouthparts (imagillipeds, as in decapod erusta-
ceans).  Inthe cxamples above, and in pearly all compon-
cnt family members of those superfamilies, Lhe gnathopods
are noo- sexuzlly dirmorphic.

However, exceptions to this general trend within the
Natantia are noted here, Thus within the vegetatively fossoral
family Pontoporeildas, although the eproductive siyle is
pelagicand free within the water colurnt, the gnathopods are
also weakly but distinetly sexually dimorphic {sec also
Bousfield, 1987). Such a morphological anomaly may be
vestieial, and represent a cloe to phyvletc relationships with
other superfamilics such as the Gummaroidea. Thus, i such
2 scenario, we may presume a non-losserial and pelagic
common ancestor 1 bath groups,  However. norder 1o
cxploit food resources of physically harsh. lotc, intertidal,
cstuaring and fresh-water babitats, the ancestor may have
become secondanly reproductively benthic, and developed
weakly sexually dimorphic gnathopods and pre-amplexing
mating behaviour,  Today, ils descendents that developed
even more strongly sexvalty ditnorphic and pre-amplexing
gnathopods (ic, now within the Gammaroidea) are wide-
spread and highly successiul in those physically rigorons
habitats. By contrast, these that became fossorial in bottom
sediments fi.e. now within the Pontoporeiidas) are today
confined o lentic, lacustring, or subtidal habitats within
Lhose environmenis thal are sill accessible o non-
preamplexing reprodective life stvles. Inanother evolution-
ary direction within that same superfamily, members of
family Haustoriidag are characterieed by weuk!ly subchelate.
nea-amplexing prnathopods, yel ahnost cerianly mate di-
recliy on or withio the bottom sediments, not in the water
colunr,

A parallel st of il styles and morpholapics mark the
Cheldae and most penera of Urothoadae within the austeal
fossorial counterpart superfamily Phoxocephaloidea, This
phenmnenon of seperficial sonilanty has been demonsirmted
as un example of convergent or hommeplasious evelulion in
otherwize phyleteally very distam groups {see Bouslield,
19493, rather than an indicator of close narural relationships
ds proposed by Bamard and Drommond (1982) and main-
taingd by Barnard & Karaman (19911,

Weakly sexually dunomphic gnathopods are alsovypical
of sume Dexaminoidea, and most of the Melphidippoidea
{inclydiog the fossorad Megaloropidac),  On the basis af
other character states, and of soane earlier leld observations
ig,.of Enequist, 19501, members of both superfamilies pre-
sumably mate freely within the water columm,  However,
many members within these groups are nesiters, commensals,
ur athersise in (he process of penetratng shallow-water,
especially of anchialine brackish habitats of topical and
warnt-waler regions, wliere 4 pre-amplexing reproductive
lifo sivle is likely advantapeous.  In & sitilar scenario, in
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which phyletic relationshkips are sought, we Can reasonably
look 1nva common ancestar for the Dexaminoidea and for e
lossorisl Ampelicoidea in which the gnathopeds are non
sexually dimorphic. However, the morphologieal spacializ-
alions und tube-building capabilities of the fossoeial
ampeliscoideans bave resolted in thetr encrmously success-
Ml diversificanon and domanance in maene sedunentary
halitats, cven becoming major food items for eschrictid
balesn whales. The presumed para-ancestral Desaminoidea.
however, arc common in gondwanian regions {e.g. Ausural-
an codstal watiors) bt are now relatively rare dnd virtuglly
relictin shelf wabitats of the northern bemisphere (Bousfield
& Kendall, 1994) .

Within the Melphidippoides. sexual dimorphism of the
snathopods is weak by o moderately sirongly expressed, bul
is distinctly present in all members. [t is also chamcterized
{in the male} by a consistent sintlarity i appearance af
gnathopods 1 & 2, although these dilfer markedly (between
ihemselves) in siee and [onm (Fig 4% bollom}.  These
eoathopod] characierisies are fownd eleewhers widely within
the Hadzioldea (especially in the Melitidae) that are now
much more widespread in ropical and emperate, coastal
mering aod brackish habitats,  Tn combination with other
character states (¢.g. of the antennae, uropods, and telson,
etc.), these pnathopod similarities may be extended, perhaps
less stranply, o the Phreslogimmandae of brackish aml
fresh waters of New Zeatand (e.2. in Bouslield and Rufto,
unpubished]), possibly even 1o the hypogean brackish- and
fresh-water Bogidielloidea, and even to Notenboom ™ s { 1986)
retharkable, bvpoecan bl caleeolie) Sensomaior,  In thig
vein, we are lefl with the exciting possibility, requiring much
further investigation honwever, thal present members of the
miaring and semi-relicy superfarnily Melphidippotdea are
tlose to a postulated cornmon ancestor to all of the above
EXONOMIC Lroups (5¢e phylogenctic tnee, p, 126),

Finally, we may nive within the group of superiamilies
of Natuntia, sexual dimorphism weakly expressed in
pnathopods of cortam austral freshwater members within
certain freshwater membess of superfamily Eustronden. bat
more strongly expressed within fresh and brackish water
members of Excedicerotidae and Paracalliopitdae (see also
Bousfichl, 1933). The reshwawr ¢usiroidean species of
Fatktandella Schellenberg, 1931, and Proefatklandedfa Stock
& Platvoct. 1991 (a5 in connterpart AZAC species of Porm-
leptamphopus) are characterized by a dominant gnathopod |
thatt s weakly sexually dimorphic, and may have 4 pre-
amplexing funclion. Howewver, peracopod 3 of Falltlandeliu
13 also strongly sexually dimorphic, being carpochelate in
themale (a8 im sonne specics of Parpmefita (Crangonyotoidea)
and in many aguatic asellid isopods).  This latter appendage
max function in pre-amplexus, as it does in the isopods, but
periinent behavioural sfudies have not yet been made on
these remote and presumably relict freshwater amphipod
aroups. o e aetipodesn oediceronid famibes (above), the
grathopds are typically strongly sexvally dimorphic, with
soalhopod 2 domioant imnales. A pre-gioplexing cammyitg
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of females by males i= typical (Chapman & Lewis, 1974,
personal observation)  Members of these two [osnrial
araphipod familics are almost eotircly inkeridal, csluarne
amd fresh-water in their ceological affinities. Their fomm of
snathopod omphology, and pre-amplexing benthic repro-
ductive behavicur is typical of the Reptantia. Within a
superfamily of Natantia. these characteristics have virtually
certainty been independently derived and are homoplasious
with the condition in their gammaroidean 4axonomic and
eealogical counierparts of the northem hemisphere.

We may conclude therefore that amphipod seperfumities
herewith grouped within the catepory Natantia are Lypified
by pelagic reproductive (mating) behaviour, and by non-
sexnally dimorphic gnathopods that are primitively weakly
subichelate and subsimilar in fonn. A few subaroups within
certdin natant superfamilies evinee a more reptant form of
reproductive behaviour and gnathopod morphology. These
caceplional inslances can be explained, al keast tentatively,
on fhe hasis of (1) a sccondary use of sedimentary benthic
subsirata as a “fluid” mating medivm wherein sexually
dimorphic gnathopods and pre-amplexing mating behaviour
may not be required {e.2. in Haustoriidag; Cheidae,
Urohavstoriidac):(2) an independent or convergent evolu-
tion within geographically isolmed sub-tal that have been
expused 1o sbnilan, mainly ecological, evolutionany sfresses
(eg. southemn fanilies of Oedicerotoidea); (3) 4 morph-
vlogy vestige of presumed ancestral types whose evalulion-
ary "threst” devolved mainly into other super-family groups
thatare, today. essentially “reptant™ in reproductive Life style
(z.g. in Pontoporeitdae): or (4) o probable extant precursor
ofmore successful (hiogeographically andeeglogical [y marn
widespread and diverse) descendent modern Exonomic
groups (e.g- in Dexaminoides. Melphidippoidea).

Gnathopod structure and function in *Reptantia™

The types of gnathopods representative of componant
superfamilies of the reproductively benthic and/or pre-
amplexing category Replantia are tllusteated in Figs. 18, 16,
17 & 1B, Within Reptantia, gnathopod morphology is
basically different, and the range of morpholypes is consid-
erably greater. than that already demonstraled inthe Natantia
{above).  Thus, in mest superfamilics of Replantia the
soathopods are clhipracteristically sexpully dimorphic aod
strivpgly subehelate or chelifomn, cspecially it males.
However, many exoeplions w0 these overall tends have been
aoted, apd are hopefully plaosibly accounted for, in the
discourse below.

In phyletically more primitive superfam ilies {so deter-
mined fron previees stodies aod o other charcier s1aes
ghove) such as the conlineatal (reshwater Crangonyeloidea
and the holarene [resh- and bracktsh-waler Gammaroiden
iFig. 10} the gnathopods are variously (usually markediy)
soxually dimorphic, with gnathopod 2 usuably “dominant™,
ln Crangonyetaidesa (as 1n Nutantia), the mature male stage
{usually calecatyted s renminal {or subtermanal, fide Conlan),
asinmostNatantia. Precopulatory carrying of the female by
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the male is not documented, although itis suspected todecur
inepigean members of the Paramelitidae (e.g. in Paramelita,
and Awsrrogammaries ), where males are distinctly larger
than females. In the holarctic family Crangonyclidae, whose
members (especially hy posean species) appear to be mainty
rapiors, gnathopods of both males and females are oflen
quite large and powerful. However, maltes are (ypically
tmuch the smaller of the twesexes and presumably physically
incapable of carrying females. In rue amploxus, the male
first prathopods are used to grasp the female laterally by the
coxd! plates, and the second gnathopiods remain free, pre-
sumable 1w fend off other males {persanal observation,
Clonlan comimumic, ),

In most Gammiroides, however, males are tpically
larger and more powerful than females, and pre-copulatory
carrying s the reproductive nomm.,  To family Gammanidae,
the first gnathopods typically have a very oblique palmar
margin, caalbling the pair 1o e employed in a “fore-and-aft”
seizing of the first and Gl peraconal (body} plates of the
female. The larger second gnathopod arc cmployed in
aponistic behav-icur to ather males (and occasionally in
carnivory of newly moulied female of their own and other
species!) (Borowsky. 1984; Costelte, 1993, this sympo-
sium ], Withio Gunily Anisopannirigae, the palin of gnatho-
roacd 1is vertieal, stodded with ™ peg-spines”, and presumahly
Twxtter suiled o lateral geasping of the anlericr margin of
coxal plate 4 than peraconal plates {Bousfield, 1986, pers.
observation (in Fogammanic.

Wilhin the Talitroidea (Fig. 181 pre-amplexus is typical
of the inlertidal and brackish-water family Hyvalidae. the
intertidal fossorial Dogielinotidac, the constal inarine and
fresh-water Hyalelhidae, and the more primidive membeys of
the supratidal family Taliiridac, The gnathopods are strongly
sexualby dimorphic, and in the vsual by larger male, prathopod
2 is especially perwertully subchelate. probably {or use in
apgonisticdisplay, and in fending off other males. Incamying
activity withio most Hyatidae, Hyalellidae, and Dogiel-
inptidac, znathopod | is modifed (o grasp the ingrgin of a
special pre-copulatory notch in the antero-ventral margin of
perazon 2 of the receplive female (sce Borowsky, 1984
Bousfield 1986, 1993} However, in the most emrestrial
landhopper groups (Boushield, 1934, 1988}, in the mast
specialized aquatic inguitinous fanilies (e.g. Eophliantidae),
and 1n the kelp-borers {Najnidae), the gnathopods are weakly
for noo} sexually dimorphic, and pre-amplexus is lacking,
apparcnily fost seoondanly.

Within the Hadziotdea {especially Family Melitidac )(Fig.
17}, gnathopods are typically strongly sexually dimorphic.
and presgmiplexing reproductive style prominent in all bat
the most hypogean subgroups.  Using gnathopod 1, the
proped and dactyl of which may be specially moedified 10
clasp the female by an anterc-ventrdl process of coxa 6 (in
Abludomelita  and relmivesi Borowsky, 1984, Bousheld,
pers. ohservationy. The muoch larger male gnathopod 2 15
held frecly, and functions in agonistic behaviour towand
other males,  In the tropical and wamm-temperate marine
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Crangonyx sp.

MESOGAMMARIDAE

FIG. IS, GNATHOPODS 1 & 2 INPRIMITIVE SUPERFAMILIES OF
AMPHIPODA REPTANTIA [after Bousfield (1958; 1979) and other sources]
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LEUCOTHOIDEA
PLEUSTIDAE

Alylopsis sp.

Thorlaksonfus sp.

LEUCOTHOIDAE ACANTHONOTOZOMATIDAE STENOTHOIDAE

Leucothos sp. Iphimedia sp. Metopella angusta

TALITROIDEA
HYALIDAE CEINIDAE

Celna egregla

TALITRIDAE

Chelorehestia ap.

Earchestin ep,

FIG. 16. GNATHOPODS 1 & 2 IN MEDIUM ADVANCED SUPERFAMILIES OT
AMPHIPODA REPTANTIA [All males except where indicated]| (from various sources)
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gerus Lalichieffa, cither the right or loft gnathopod 2 of the
male iz enormously developed (Fiz. 7). The daciyl is
prealy enlarged, atnd s Gp GIs o a sockel in the aplero-
venleally produced pialnar angle of the propod. 1is overall
form s grossly similar (e the morphofogy of the enathopod
ol the decapod “spapping shrunp™ igenus Aipflaets?) sup-
gesung that i funclicns in percbssive sound production,
either W allract receptive females or (o warn away other
males,  However, in mast of the hypogean hadzioideans
fe.p, weckelids, metaniphargids, metacranpgonyctide. ete.},
whether the gnathopads dre strongly or weakly raptorial.
sexual dimnorphesn is weak or lacking (Stock, 1985: Holsinger,
194926,

Within the tube-huilding Corophioidea oceurs perhaps
the greatest range of gnathopod sexval dimorphtsin of any
reptant amphipod superfamily (Fiz, 18). In the male. the
grathopods are iypically strongly subchelaie or carpoche e,
hut very unlike inform and size. Thesecond gnathopods are
psually very much the larger, more complex, and dominant.
except in the Aordae and Cheluddae where snathopod ] s
the larger.  Since corophioideans are seyuestered in oper-
ended tubes af their faen consruchon, (hey have becone,
elfectively, semi-sessile. and stray litde teom o fixed loca-
tion.  Such a life stvfe may have resulied in secondary Ioss
of precopulatory “carrying” of the female. Insead. ibe inale
“guards” the feinale 1o her tube and employs the entarged
enathopod 2 mainly in agnostic behaviour 1owands compel-
ing males who mighi approach his reproduciive territory
(Borowsky, 1954, Conlan. 1988, [991a). However, pre-
amplexus is rewdined in the free-clinging family Podacendae
amd in the presumed descendent Caprellides, (including
Cyamidae) innearly all species of which the gnathopods are
vir iously strongly sexually dimorphic (see Laubitz, 1970,
1979, 1993); Takeuchi, 1993). -

Across the reptant classificalory board, however. soime
important cxceptions 1o this general picture shoold be noted,
Wilhin the relatively plesiomarphic replant superfamily
Liljeborginidea (Fig 17, top). sexual dimorphism of the
gnathopads is most stongly pronounced in the free-living
farnilies Liljeborgiidae, Sehidac. and the sponge-dwelling
Colpmastigidae, but is weak o virtually non-exizlent within
the bhypogean Salentipzllidaz and Paracrangonyctidae.
Within other hypogean superfaimily groups, especially those
belicved o be micro-predators {e.e. Bogidielloidea.
lngalfiellidea). the gnathopods are powerfully subchelate or

carpochelate and papiorial, but appear weakly {or oot} sexual
ilimorphic. Finally, within the diverse and possibly
polyphyletic assemblagze of famities currendy assigned Lo
the exclusively marne superfamily Leucothoides, a corme-
spondingly immense diversity ol gnathoped types may he
seen. Gnathopods | & 2 are often much enlarred and of
unusual o bizame form, and often very different from each
ather in form and size. Taxa within Tamilies Leucothoidae,
Amphilochidae, and Pleustidae, etc., whose vegetative life
styles are commensal, inguilinous, or parasific, cxhibil virm-
ally no sexual dimorphism of ke gnathopods. However, in
free-living groups such as the SMenothoidae and some of te
Fleustidae, especially those of mtertidal and brackish habi-
s {e.2. “Parapteastes” der), the gnathopods are vaniously
(often stronghyy sexually dimorphic.

In simmary, within component superfamilies of
Repantia, we may conclude that sexual dimorphisin of the
cnathopods, and benthic pre-amplexing repraductive styles
are dominant and characteristic of member groups that are
veretatvely fmee-living and epigean 10 physically rigorous
habitats soch as coastal shallows, esiaries, and fresh-wa-
(ers. Conversely, in members (hat have become (presom-
ably secondarily) symbiotically associared with other ani-
inals or plans of maring envircmuments, of penztrated into
yppaean brackish- and [resh-woter, or fully terrestrial habi-
tals, sexual dimorpbism of the gnathopods is expressed
weakly ornotatall. Asagroup, the reptanis includes the mast
derived amphipad morpholypes, thal exploit unuseal or
restricted food resources underphysically rigoross or unusu-
ally specialized cnvironmental condittons.  In the corme-
sponding reproductive evalutionary scquence, § pre-
amplexing reproductive (mating ) style 15 presumed to be an
elfective means of ensuring speciescontinuity.  Thus, at the
precise tine of ovulation during the femate moul cycle, the
newly taid eggs (within the female brood pouch) must be
ferilized by the male,  Withoar the ensured presence of the
male al that thine the species coald pot remain io place within
the specialized habilat nor remain viable as a species. How-
ever, where such & mechanisin is no longer needed 1o cnsare
such close contact (as in lenie hypogean habitas, or under
confined svimbiotic condilions), or the camying mechanism
become physically impossible 10 mainkin (s in ferresirial
habriats b the coathapods Inse (presumably sceondarily} the
sexualty dimorphic form, and peolenically revert to o mor-
phology suited to the vegetative life style of both sexually
mature adults and iminalure stages.
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FIG. 17. GNATHOFPODS 1 & 2 IN ADVANCED SUPERFAMILIES OF
AMPHIPOD REPTANTIA  [Males unless specified] (from several sources)
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COROPHIOIDEA

AMPITHOIDAE ISCHYROCERIDAE

-

Lembos ap, Evricthonius sp.

PODOCERIDAE CAPRELLIDEA

CAPRELLIDAE

Dulichia sp.
Cyamus sp.

FIG. 18. GNATHOPODS 1 & 2 IN COROPHIOIDEAN AND CAPRELLIDAN
AMPHIPODA [males unless specified] (from several sources)

AMPHIPACIFICA YOL. | N(.3 OCTOBER 15, 1994 ({5



Muting Behaviour Within the Amphipoda

Conlan (1991 phas summartzed recent advances in wiork
ofi the significance of precopulatony mating behaviour and
sexual dimorphism in phyletic relationships of amphipod
crustaceans.  Amphipids employ two basic reproductive
sirategies to ensure proximity of males and femnales at ihe
limne of female ovulaling codvsis:
i1} mate-guarding, inwhich the males are either (4) carricrs
involving pre-pmplexing and concomitam medification of
mate gnathopads for the purpose, or (b attenders, where they
reinain domiciled with the femalz and employ the grathopods
mainly in agonistic manner (o ward off competing males.
{2) non-mate-guarding in which the mature mate simply
seeks Cul Females wherever they may be at the time af
avulaton, These maules are classified as {a} pelagic search-
ers 1f the female is in the water colume, or {B) benthic
searchers i the female i< o0 or in the bottom substrata. In
efther ¢ase the gnathopods are litle or not sexually dimor-
phic, and no pre-amplexus lakes place. Both strategies are
determined by the period of ovalition of the Female, at which
time the male most be present if fertilization of the ezgs s 1o
take place. Fora short pericd immediately following mouti-
ing, the cuticle of the female is sufftciently Aexible 1o allow
for release of the ezgs into the hrood poach or marsupivm.
Sperm is deposited there by the male during copulation, and
fertilization of the eggs can then ike place.

Conlan (lgg, €il.) has concluded tha the searching
drategy is a primitive, and marc-guarding an advanced, form
of reproductive behaviour in amphipods, Thiz conclusion
provides the principal basis for present semi-phyletic classi-
Fication of amphipod superfamilies (fig. 30, p_126).

In these mating sirategies. the reproductive morphology
af the mature female is seldom i gnificantly dilferent from
e of the vegetative or feeding stages. eacepl i somz
species of Mefira, some aquatic taliroideans and a few athers
{see below), However the breeding frequency and fecond-
iy reflect overall differcnices in mating strategy. Thus,
females of mate guarders tend 10 be itemparous. with several
broods ina lile time, whereas those of non-inac-guarders
tend to be semelparous, with ooly one brood in g life-time.,

Examples of amplexus or copule within superfamilies
of Amphipodz are illustrated in Fig. 19 Inset figures C and
E are representative of superfamilies of Natantia; B, D, F, G,
are representative of the Reptattip,  For comparative pur-
puses, the copulatory position of an oulgroup mysid pair
UMesopodopsis erientafisy s incloded {from Nair, 19395,
The ventral “head-to-1ail” positionof the male inysid pennits
directaceess of the penis papillae 10 the posterior opening of
the marsupium. and presumably faciliates temporary clasp-
ing of the female abdomen by the male peracopods. The
function of the modified and clongated pleopods 4 & 5 hag
nil been described; their position beaeaih the antertor end of
the female would suggest atactile, rather than spenn-transfer
role.

The mating position in amphipods coarrasts with that in
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mysids excepl Ual, in both groops, the process is relatively
rapid andakes place usuallv indarkness. I most superfamily
groops within Natantia, contact between the mate-seeking
nitale and the female (akes place only during actueal copula-
tion. god i domiion is brief iConlan. 1991). 1n superfamily
Eusiroidea. family Pontogeneidpe, the smaller male of
Paramorrg columbiana lies across the thoracic region of the
female, grasping her by the peraconal and coxal plates "fore
and afl”, using both pairs of gnathopods. Within the beothic
and less mobile members of the Parammphithordae, the male
of Epimerta cornigera holds We lemale crosswise under the
specially curved lower wargins of his coxat plates 4 & §
(Moore, 1951}, the gnathopads apparently plaving lintle part
in the action.

Within the Reptanua, and in the primitive superfamily
Cranponyciolden {e.y, Svmirefla chamberfaini). the smalier
male grasps the female sidewise by the coxal plates, and
tserts The ductyls of gnathopads 1 & 2 between the ower
anterior margins of coxag 3 & 4 respectively, The paired
antennae are pressed closely 1w the body of the femate. with
the calceoli nearly everywhere in contact with the female’s
body surface, [n family Anisoeammarize (Gammaroides)
the dorsally positioned male grasps the female by the anterior
miargin of coxal plates 4 & 5, using gnathopod 1 (Fig. 19D},
[n the semi-terrestrial Talitridae (Talitroidea), the mate
criuihes aeross the female, ving on her side, and positions
her by means of his gnathopods and the entarged peduncles
of antenna 2 working in concert {Fig. 19D},

Pre-amplexing positions are illostrated in Fg, 20
Preamplexing is rare within the superfamilies of Natantia,
and where itdoes oceur, briefly, differs little from amplexus
(Fig, 1940, Within the Reptamis, however, pre-amplexus is
nearly the mle. Tn the primitive Gaimmaroides, males of
Anisogammaridae (e Fogantmarus cclaird) carry the
smuller female by grasping the Base of coxu 4, usually by
means of gnathopod 1. o Gamegrs (family Gammaridae),
the male carries the female by means of a "Tore-and aft”
clutching of the antenoredge of peraeon plate 1 and posterior
edge of peraeon 5, using gnathopod 1, faciliated by its very
abligue palms. Within the Had«ieidea. the male of Mefita
ritida prasps the female by the specially modified anterior
fobe of her coxa 6, usimg the smaller gpathopod 1 for the
purpose. The much enlarged male pnathopad 2 may be used
infending off competing males. Inmany aquatic Taliroidea,
cspecially in Hvafeffp and Affarchestes (Hyalellidae) and in
fiyale and Parallorchiestes (Hyalidae), the dorsally posi-
toned male inserts the dact vl of gnidhopod 1ina precopulatory
notch in the lower anterior margin of peraeon 2 of the smaller
female. Again, the much enlarged gnathopod 2 apparently
functions agonistically, Insome species of Hvale, however.
gnathopod 2 may be insened into the female notch.

These reprodluctive strategies are basically similac at
superfamily level bul differ in detail nteroally, They do
dimonstrate the widespread phenomenon of convergent
evolution of similar mating stratepies, with differing aciics
and morphologies at ke family and subfamily levels.
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C. EUSIRQIDEA:PONTOGENEIIDAE

. o, {Paramaera cofumbiana)
" <A
B. CRANGONYCTOIDEA: /}‘L LAY A
CRANGONYCTIDAE P Y
{Synurella chambertaini) ’K Q j ]
TR

D. GAMMAROIDEA ANISOGAMMARIDAE
{Eogammarug oclair)

F. TALITROIDEA: TALITRIDAE
{ Tefitrug safiator)

’ E. EUSIRQIDEA: PARAMPHITHOIDAE

{ Epiretia cornigers}

G. TALITROIDEA : TALITRIDAE
{Orchestla gammtarelus)

{authar sourees)

FIG. 19, AMPLEXING POSITIONS IN REPRESENTATIVE SUPERFAMILIES
OF AMPHIPODA, ANL MYSIDA

A (aker Nair, 1339} E, (atter Moore, 1881) F_(after Willizmson, 1951) &. (sfter Willlamsaon, 1851) B, D. C. (authors sources)
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0. HADZICIDEA: MELITIDAE
fMelita nitida)

A, EUSIROIDEA: PONTOGENE!HDAE

{Paramaoem columbiana }

- il G .- ,r. .: £ e t s‘:‘ ! a ‘ }'.' ‘V
I ; ) } '_--‘n “ | 1 ¥ Y .I‘ 'u
! G- . . 2
7 E. GAMMAROIDEA: ANISOGAMMARIDAE
B. TALITROIDEA: H&’ALIDAE_Q { Eagammarus oclaicl }

F. GAMMARDOIDEA: GAMMARIDAE

{Sammars fasclalys }

C. TAUTROICEA: HYALELLIDAE
{Hyaleils gzieca)

FIG. 20. PRECOPULA IN REPRESENTATIVE SUPERFAMILIES OF
AMPHIPODA "REPTANTIA" {after Borowsky (19584) and authors sources)
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Phyletic Significant of Uropod 3,

The significance of uropod 3 in the pencal description
and classification of amphipod crustaceans has always been
primary {Stebbing, 1906; Gurjanova, 1951; Barnard, 1969a;
Barnard and Karaman, 19313, [ts character states have
proven especially valuable in preparing taxonomig kews (o
regiomal and world Baunas, at seneric and Jamily levels (e, £
Staude, 1987, Bamard & Barnard, 1953, s rile in phylotic
aud semi-phyletic classilication ol amphipods (except in
some Corophioidea, and the Caprellidea where the abdomes
is variousty reduced and wropod 3 vestigial o lacking} heas
been considered previously (e.g. Lincaln, 1979 Bousfietd,
(975, 19824, 1983 Bowman and Gruner, 1973), However,
wore detailed sludy of ks Forme and funciion i relaton 1o
brogder aspects of phyletic classification would seetn fruil-
tul. and thercfore forms 4 principal part of (his overview
study,

in the Amiphipoda, wopod 2 lomes the leminal set of
paired body appendages, I is distinguished [rom gropods 1
& 2 by its fonn and Gmeion, Uropod 3 is primarily 3
swimming appendage. whether funclioning in propulsion or
steering. The rami are typically broadened or flaltened, and
the margins lined with lowg plumose setae that provide 2
large surface areq for elfective paddling or steering action.
Uropods 1 & 2 are used mainly in strengthening the caudal
parton of the body to permil jurmping or Aipping, by rapid
fexion of the wrosome {Barnard & Karaman, 1991 ): they are
secondarily modified {or copulatory or tactile function in
specialized habitars bt are seldom inodified for swimming.

The most plesiomorphic and generatized form of uropod
3 is typical of the Natantia and more primitive Reptantia
(Figs, 21, 22 upper), The paired rami are large, lanceolate,
and typically subequal in length {(acquiramous condition),
and the inner and outer marging variously lined with plumose
setwe and/or short spines (Figs. 21A-D). The terminal zep-
ment of the ouler ramus is present (plesiomerphic condition )
in the more primitive superfamilies such.as the Phoxa-
cephaloided, Lysianassioidea, and Pardaliscoidea(Figs 23 A-
), butirends to lass or fusion with the proxunal segment in
advanced callynophorates (e, Stegocephaloidea  Fig, 21N,
Crhor in vegetatively benthic forms such as Fontoporeinides
{Fig. 2T G H}. In wany pelagic groups (within Eusirmdea.
Oedicerowidea. Synpinidea, Hypenidea, Melphidippoides
and pelagic mates of Dexaminoided snd Ampeliscoidea), the
lermingl segment is wnalty lacking (Fig. 20, F,L, M, P, Q,
T. V, X). In more advanced. especially abyesal-benthic
[orms {e.g. Lepechinellinae). both mmi may be reduced in
size and swimining setac Jost, or nearly so (Fig, 21 U,

Within the Natantiy, cspecially the Pardaliscoides, and
Hyperiidea having 4 pelagic lifc style, sexual dimacphism of
uropod 3 s generally slight, the rami being scarcely more
strongly setose in the male than in e female. However, in
vegelatively benthicand reproductively pelagic taxa such as
Fhoxocephalvidea and Ponlaporeioides. sexual dimorphistn
of uropod 3 is often proncunced, Tn female and immatures
the appendage is much smaller, the inner ramus s often
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reduced in Size (parviramus condition, Fig. 218, ), and
ramal marging vsually fack swimming selae. Exceptionally,
In scne of the Pontoporeioides (e g. Haustoriidse) and many
ofthe Oedicerotoidea{Oedicerotidae). mature males may be
secondarily infaunal and/or mate within the substeatum, and
show little or no retention of the natatotial form of uropad 3
{Fig. 21K. L),

Apomarphic condittons of uroped 3 characterize the
mare advanced superfamily groups within the Replantia
(Fig. 22 lower, Fig. 23), Only witkin primitive Crang-
onyclondeans, gaminaroideans, hadziodeans and liljeborgi-
oideans is the fully bramous andfor marginally setose con-
ditton encountered (Fig. 22A-F, Fig. 220, Tn the hypogean
Bogidicllvides, the rami remain essentially aequiramus and
nob sexually dinorphic, despite overall reduction in size,
general lack of margingl selae, and loss of the terming
sepment of the ouler ramus (Fig, 220, Py This featare
suggests i close natural celationship of the Bogidicllokles o
the epigean Mclphidippridea, In more advanced hypogean
forus, the lerminal segment of the outer ramus may be much
enlarged and cspecially distinctive in males (as in Eriopisa
Fig. 22H, Giuiniphargues (Williams and Barnard, 1938, in
several species of Affocrangonyx and Psesdonipharens and
inmany Niphargidae (Barnurd & Bamard, 1983). Tn these
forms, the primary function may be tactile, is in Lthe elongate
anlennag and elongate. setose peracopods. More ofien, how-
ever, ine or bikh rami are reduced, often markedly so, wilh
total foss of marging sctae, andfor spines, as in infaunal or
hypageancrangonycteideans, hadsioideans, gammarpideans
and liljeborgioideard, (Fig. 22E, G, ), K. M, N,

Within Amphippda Replantia, sexoal dimorphism of
uropod 3 is variously expressed, often strongly so, depend-
ing w large degree on reproductive life style. 1o primariiy
benthic taxa, with pre-amplexing or benthic reproductive
style, uropid 3 15 moderately sexually dimorphic in freely
ambulaiory groups, both epigean and hyposean (e, in
primilive Crangonyoioides and Gammaroidea, 1ess so in
primitive Hadzicidea and marine Liljeborgioideal. In groups
thathave apparenty become secondarily aguatic (non temes-
trial Talitroidea), the rami have are very short, vestigial or
lacking (Fig. 23D, E).  Sexual dimorphism aof uropods is
entirely lost {or nearly s0) io rbe-building, inguilinous,
commensal, advanced hypogean, and saltatory groups (e.s.
most Corephioiden, Lecoolioidea, Liljeborgioidea, and
Taluroideal. Here the appendage is often highlvinodified or
specialized, in bath fonn and function, in bothsexes (Fip 23 A,
B, C). Within the domicolous Corophicidea, uropod 3 is
much reduced, with rami typically short and slender, but
rernains birgmous (even with lerminal segment of outer
ramus in some primitive Tseaeidae) in all but the most
advanced Aoridae and Corophiidae {(Fig. 23H, I3, Tn the
Ampithoidae and s kyroceridae, the outerramus isequipped
distally with hooks and spines for the purpose of retaining
hold ol its the while foraging from the entrance or repelling
invaders{Figs, 23F, G. }, Inthe advanced Podoceridac, uro-
pind 335 vestigial (Fig. 23L), Within suborder Capretlidea,
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FIG, 21. FORM OF UROPOD 3 IN SUPERFAMILIES OF AMPHIPODA "NATANTIA"

A, B - PHOXOCEPHALOIDEA; C, D - LYSIANASSOIDEA; E, F - EUSIROIDEA; G, 1L ] - PONTOPOREIOIDEA,
K - HAUSTORIOIDEA: L. M - OEDICEROTOIDEA: N, O-STEGOCEPHALOIDEA; P- HYPERIIDEA;
Q- SYNOPIOIDEA: R, § - PARDALISCOIDEA T, U - DEXAMINOIDEA; V - AMPELISCCIDEA;

W, X - MELPHIDIPPOIDESA, [after Barnard, 1969, and other sources]
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BOGIDIELLOIDEA

FIG. 22. FORM OF UROPOD 3 IN PRIMITIVE AND INTERMEDIATE

AMPHIPODA "REPTANTIA"

{from several sources)

A, B- Austrogammarus, Crangonxe C, D, E - Gamstaris, Mesogamaaras, Gapinaroporeia
F, G, H,J, K - Hedua, Elasmopus, Eriopisa, Melita, Metacrangonyx
L. M. N - Listriclla, Salentinella, Pseadingolficlla O, P - Bogidiella, Kergueleniole
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LEUCOTHOIDEA

/
B

TALITROIDEA

FIG. 23. FORM OF UROPOD 3 IN ADVANCED AMPHIPODA "REPTANTIA"

A - PLEUSTIDAE: B - LAFYSTHDAE: C - STENOTHOIDAE: D - HYALIDAE: E - TALITRIDAE;
F - AMPITHOIDAE G - ISCHYROCERIDAE H - CHELURIDAE J - COROPHIIDAE;

K - ICILIIDAE; L - PODOCERIDAE; M - CERCOPIDAE [from several sourees|

Ihe abdomen is vestigialhin all bul the most primitive species,
and uropod 3 is entirely lost (Fig. 23M).

In sumemary, we may nole thal, with lew ¢xceptinns, m
all amphipod superfamilies in which the reproductive {mat-
ing) style is pelagic, uroped 3 (in the male) is of the large
nakitory, usually acquirameons tvpe, oven where the vopela-
tive lifestyle isbenthic and/or infaunal.  This plesiomorphic
forin af uropdd 3 is diagnostic of the phyletically primitive,
gwnmaridean and hyperiidean superfamily groops. within
the Natantia. By contrast. inall superfamily groups thalhave
become secondarily benthic or infaunal, and reproductively
benthic or pre-amplexing, the form of uropod 3 1s typically
of the non-swinuning, tactile form. Here the rami are second-
arily, and thus apomarphically, veduced ar modified in form
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and function, Only invegetatively benthic or imfauna) formes
within the Matandia and within {ree-living, pre-amplexing
superfamilics of Replantia is uropod 3 found o be strongly
sexually dimorphic,  Extreme reduction and/or modifica-
uan of uropod 3 is assaciatad with domicelous, commensal,
fossonal, hypoeean, or nearly sessile aquadic life styles, or
with colonization of supratidal and terrestrial environments,
In these fonms, the orignal natastory Tunctioa of the append-
age has been lost andfor modified for secondary functions
thai have preswmably criabled the species o pencirate new
new environments, new niches and vihze new food -
saurces. Thus, the form of uropod 3 may be utilized as a
valuable and wselul indicator of phyletic classilicatory rela-
Lionships withio the Amphipoda,
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PHYLETIC SIGNIFICANCE OF THE FORM OF
THE TELSON.

As analyzed previously (Bousfield 1979, 1933, 1956,
the deeply bilobale fonm of the elson s deemed the
plesiomorphic conditicn within muoptipadan, peracincdan,
anil indeed, all malacostracan crustaceans, Conversely, the
entire, platelike, or "Oceshiy™ fonn of (e welson s concludzd
1es b the typical apainarphic state. 35 m Levoothoidean and
Corophioddean sublfamilies, and represents {ypically) a distal
fusion of the two primary lobes, A very advanced condiion
i seen o the Thaumaelsonidac, and many Hypenidea,
where the plate-like telson is fused with the urdsome. A fess
lrequent, presumably apomorphic, condition occurs where
the lobes become separaicd throug hout theiremine length (s
nmost Ganunroidea and certain Hadzioidealand atains an
extreme separation darsally onourosome 3 (ahoomingl seg-
ment 63 in the advanced fossorial genus Eofaisiorins
iPontoporeivideal,

A panoramic view of telson 1y pes across the speetrum af
higher amphipod mxa is provided in Figure 24, The
prototype amphipod 15 depicied with a bilobimg elson, the
apex of each lobse having a “notch and spine” configuration,
This staie may be derived from a pelagic peracandan (ot
pamitive maldcostracan’ aneestral oulgroap o which the
tips of the telaen lobes may actually represeal vestiges of
primordial cawdsl furcae, as in the phylenic relict
Laphozastrida and Euphaosiaces, Following evoluionary
lnes ouiwards from s base, through each supertamily
wroup, we find thal member specics and geners having the
great-esi number of plesiomorphic characler states [those
ngarest the base) slso fend wo have tolly or partiatly hi-lohate
ielzons. Conversely. member species and penera with the
most apomorphic or denved characier stales, in halance,
usually show the moststrongly tused or plae-like form ot the
12lson. The totally bilob-ute apomorphic fomnomay be nofod
in advanced menibers of the Gaminareades and o some
mtemnbers of the Pontapareicides (Fanily Haostordidae),

Berivation ofaphyletcally "eritical” significance o the
cwverall form ul the telwon 18 not straighifor-wan), however.,
because of the obviows independently hooplasious develop-
miental the plate-like welson within nearly every superfamily
sroup. Thus, to derive a supertamily proup based splely on
i plate-like telson would embrace mombers of ot leas| ten
diiferenr major groups, and be fowlly anificial.  However,
il we look more closely authese evoutionary wrends, we may
note that wilhio “natant”™ pelagically mating sup-erfamilies,
&2, Lysiunassoidew, Eusiroides, Pandaliscoides, 5 ynopivides.
elc. the clearly deroinanl (ypicel) form ol (he 1elion s
deeply bilobate,  Conversely. within the more advanced
“replani” superfamiliessuochas the Leucothoidea. Tahtroidea,
Bogidielloidey, and Comphicidea. 1he daminant stale is
distally notchel or plade-like,  Perbaps in confinming these
eeneral phylelic rends, we may note thal the fonm of the
wlsoninsome of the inost advanced superfamilies of Matantia
ie.g. the Stegovephaloidea, Oedicerotoadea, and the
Hyperndae) 15 predominantly {or entirelyd plate-like,
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Hyperids., hiw ever, wre basically parasitoid, atleast for part
of their fife cycle, and employ salps, medpsae, and other
pelagicinvenchrat€ias host sub- st inthis sense they are
“replant” io life style. In the more primitive familics within
seleciod superfumilics of Reptantia (e.g. Crangonyetmdes,
Cramumaroidea, and Litpeborgioideal, retention of the deeply
or partly bilobate condition is common,

Undoubiedly, the tuncoomn of the welson his an inprirgant
tiearing on bolh s overall and dewatled, fonn, o pelagic,
freg-swimiming groups. the Aexible, bilobare telson may
Thncticnt in balance and o aileron-like siabililizaeon, wking
over this function (partly from the antennal squame that is
lacking in amphipods (see Watling 1983}, In “thruster-
swimmers” such as the oedeeronidas and hyperids, the
plate-like telson 13 part of the entire forward-thrusting tail-
i in which the nrosmnal segnients may be fused and
strengih-gned. Here, the mdle of the telson may be
subordinge o thi of the larger and presumatly mone effec-
live component uropods, the rami of which are effectively
bilobate and fexible.

Onihe other haalowiibin the “reptant”, privngnly benthig,
tnfaonal, whe-hoilding, commensal, andfor hvpogean
amphipnd superfamilies, hydrodynamic Tunctions of ihe
telson are prestmably gradually lost. Other lunclions such
45 grooming (see Aowman, 19714 whe-dwelling (e
Barnarcl, 1969 Myers (1985}, Conban (19900, or siliation
(as in Talitridac), appear betler served by & short plate-like
form. with vanous specialized spinese marginal and apical
mixhiicatons. A certdin degree of sexual dimarphisn 18
retained in the fomm of the elson, especial by within bypopean
groups such as ihe neoniphargid and siygobromid
crangonycioideans. allocrangonyctids, niphargoideans, etc.
Here, the telson of {he matee male 13 often relaively
elongate and more dev ply cleft or notched distally than in the
female {(vestize of its primordial natatory funchon?), Unfor-
winatety , detailed and welt-documetted information on the
previse rile afthe telson 1§ laeking formany ol the “reptant™,
a5 well as more-difficult-to study “natant™ groups.

16y suinmvary, the present view afevolotionary and phylede
trenads an the form of ihe tefson contrasts directly with the
views of soane others, in which the "fleshy™ entire lelson was
comsidered plesiomorphic, and led (o pastelating the
Corophiidas o5 a probable ancestral amphipod wpe {(see
Barnard 1969, 1973, Barnard and Karann, 19800 (Fiz. 5)
However, the broader more comprehensive studies on the
mzlacosiracan [elson by Bownan (1974), Schnioke (19773,
and Schram {1986}, while controversiat and contlicting, lemd
litte suppoit w the Bamardian view.

AL this poion we may safely conclude, Irom an over-
whehring amruy ofevidenee, thatthe plesipmorphic or primi-
tive condition of the unphipod telson is bilubate, and that the
aponorphic or advanced condition is typically plate-like or
apically cntire. However, the form afl the telson s so frought
with lfe- style modilcetions a lower taxonemic levels Lhat,
per_se. i may be phyletically significant only at family,
subfamily, or even peneric levels, or not at all.
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SPECIAL TAXONOMIC AND FEYLETIC PROB-
LEMS WITHIN THE AMPHIPODA

The phyletic classification of amphipod crustacesns is
rendered especially difficule by the widespreud occurrence
ol chameter convergenee in unrelatod taxa of sonilar life
styles, and by the difficulty of selecting suituble ouLgroup
taxd, with or without the use of numerical taxonomic meth-
odology. Assuming najural monophyly of the Amphipoda
as un ordinal group within the Malacostraca, an atempt is
made here to establish closest phyletic relationships of:

(1% Suborder Hyperiadea

(2} Suborder Inpoliiellidea

i3} Selected hypogean genera ol uncerain classification
having character stares of potential ancestral stgnificance.

(1) Systematites and phylogeny of the Hyperiidea

The Suborder Hyperiidea is divided into two infraorders,
O superfamilics, and 21 familics {Bowman & Gruner, 1973},
infraprder Physosomata is generally regurded 1o be maore
primifive (showing mone plesiomorphic character staes)
and s thus closer (o the presumied ancestral hyperiid than is
infraorder Cephalosomata (Bowman & Gruner, 19733 In
MANY respects some members of the Physosomata resemble
some non-caleeotale call ynophorate members of Gammaridea
-Natantia, including the broad perazonal body region, short-
cned bead that often lelescopes into peracon 1, smyll
peragopod 7, and usual presence of o mandibular palp . The
fused vrosome seements 1, 2 & 3, the fused inner ramus and
peduncles of uropads 1-3, the 1-segmeanted cuter ramus of
uropikd 3, and plate-like wison are advanced character s.ates
that are only occasionally met with {and never totally in
combination) in only a few gammarideans (¢.x. ¢yphocarid
lysianassids) that fend 0 have pelagic and nentic life styles
thal are sumilar to the hyperideans.

Sveshnikov & Vinogradoy {1987) considered the sub-
order Hyperitdes toconsist of a hoterogenous and apparently
palymeorphic group ol pelagic camivorous crustaceans. All
are hyperiids are pelagobionis; none are benthic. Member
species can be yrouped e two life fom classes of which
ubout 35% are ftee-swimning predators, and the other 6395
exclusively parasites andeommensals of selatinous animals,
The former are all members of the advanced Physocephalata
whereas the parasitoids cncompass all of the Physosomata
and scveral groups within the Cephalosomata,  OF the
former, the primitive scinilonm family members are
comumensals and strict ectoparasites. These animals have a
well developed pleon and urosome, but the grasping adapta-
tions of the appendages ar: poorly developed or absent.
Since the scinid physosomatids are among the most primi-
trve forms of hyperiids, we might reasonably look for ances-
traliypes among the ammnaridean amphipads that are siini-
larly free-swimming and weakly parasitond.

Table 1T presents a character-stale matrix perlinent o
plivsosomatid hyperiids, and o non-calceolate callynophorate
superfamilics of Gammaridea-Natantia. The closest{or least
different) ingich (score of 28/400) with the scinid hyperiids is
NOA
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that of superfamily Swegocephaloidea. Similanties with
other gammaridean superfamilies{Lysianassoidea and Pard-
aliscoides are smaller, in the 40-50% range. These levels are
higher, however, than with advanced members of the benthic
Reptantia, including the Corophinides, considered by some
10 be direcdy ancestral w the Hyperiidea (see p. 85). Some
similaritics with stegocephatoideans are CONSpicuous,
Synapomaiphics include a tefescoped head, an HE T [
cally notched upper lip, slightly dissimitar but mainly simple
wrathopods, 4 weakened or shortened inaxillipeda palp.
shortened peraeopod 7, and nearly plate-like (apically
notched) telson.  However, stegocephaloideans are much
less advanced in retaining an accessory Magellumm, deep
coxal plates, nfused urosome segment 2 & 3, sometimes 2-
segmented outer ramus of wropod 3, and (\he invariahle
presence of coxal gill on peracopod 7. atmong other ples-
iomaorphic features,

Figure23is a resulting phenogram of character state
similaritics between physosomatid byperiids and non-
calceolate gammaridean Natanta. This phenogram, derived
through simple cluster analysis, shows an overall Average
similarity of hyperiids w callynophorate gammarideans of
about 55%.  Character state difterences that contribute to
the relatively low maorphological similarity include, in the
hyperiids, lack of antennal calecoli and accessory flapellum,
absence of o maxillipedal palp,and otal fusion of urosome
scimments 2 & 3, and telson lobes,

Conclusions. These abservations suggest that hyperiids
may have evolved fiom a gammaridean ancestral type tha
was nearest (o the present stegocephaloidean body form,
Bousfield (1982b) has hypothesized a probable mid-Mesozoic
mast receol time of origin for callynophorate gammaridean
groups, & thesis which, i reasonably correct, would suggest
an earlier coanmon ancestry for hyperiid amphipods.  The
fact that hyperiids exhibit several major differences from
closest ganunaridean relatives would also sugsest that
hyperiids have diverged ITom 3 common ancestor over acon-
siderable period of geological tme, However, despile the
cemarkable diversity of form . function, and life style shown
by members of the Hypertidea, their derivation from a
crnmon ancestor within the much more primitive Gam-
maridea might justify considermion of their classificatory
status as infraordingl within the Gammaridea Natantia, By
amalogy within the world of verebrate animials, mighi the
hyperiids be (o the gammarideans what (he birds are 10 the
dinosaunan euryapsid reptiles?

By similar analysis, members of suborder Caprellides
can be derived from a corophioidean ancestral type
(Podeceridae, Laubitz, 1979, 1982} and thus justify reduc-
tion ol its current subordinal status W infraordinal level,

By contrast, however, he Ingolfiellidea (see also p. 120)
possEss es unique characier states Mt are more plesiomorphic
than anything occurring within the Gammaridea (sggs, Jag.
‘These include the short unpigmented eye lobes, elongate
peduncular segment 3 of antenna 2, partially divided (in-
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TABLE I. CHARACTERS AND CHARACTER STATES OF SUBORDER HYPERIIDEA.

CHARACTER

CHARACUTER STATE

1. Callynophore (A, male)

2. Calcentti { A, male)

3. Accessory flagellum {male, female}

4, Maxitliped palp

5. Gnathopods 1 & 2 isexual dimorphism)
6. Brood plaes slender (iemale)

7. Coxal plates 1-4 large

&, Pereopod 7 = Pereopod 6

Y. Caoxal gill of pereopod 7

10}, Pleopods (male) rel (o plecpods of female
11. Sexnal ditnorphism in pereopods

12, Sexual dimorphism of pleopod rami
13 Sexual dimorphistn of uropods

14, Lower lip, inner lubes

15, Mandible, leit lacinia dentition

16. Urosome segiments

17 Telson

1€ Upper Lip

19 Maxilla 1. inner plate.

200, Uropod 3, oufer ranos | segments

|. Present

L les b3

Lo i

9.

. Absent

. Absent

. Usually absent. rarely l-segmented rudiment

I present. nol significant

. Mo, all broad, tonwed marging, smooth

C1F larger, usoally sigmficant

. Usually smaller w subequal (Mimonecies excopled)

Always lacking

10, Alsays more powerful
1. Slight, if any

12, Mever

13, Usually slight (strong in Lyeaeopsis)
14. No, never seen

15, 8-t 15-dentate

16, Urosomites 2 and 3 fused
17. Entirc

18. Notched

12, Usuwally oot present

20. Always l-segmented

TABLE Il CHARACTER STATE MATRIN; HYPERNDEA AND GAMMARIDEAN SUPERFAMILIES

CHARACTER NUMBEHR Ik
MAJOR TAXON
1lala|a|s5|e|7|8|a|d0]|1|12]1a]14|15] 16|17 |18 |18 |20 |IND
A. Hyperiidea gl2|2|2|o|afm|1+lo|l0|2|o(o|0| 1|2 |2 |2|2]|2]21+
B.Stegocephaloldea | 0 |2 | o |o| o| 1t |0+| 2| o|1-| s o|o|os| el o|t|s |1 (2]
2. Lyglanassoldea
(Ryperiopsidas) g |tr|o|t|ofz|0|r|0|lalz2|e|lo|alr|e|o|ot|a|o]| 7
. Lyaiansasaidea | |
o _ o¢lo ||t |1 |-l 2|0] 1|0 ‘
[Trls;hlznstomaudaej ¢ * elejeqrje|ezye 1)
E. Pardaliacoides o |2 |et|lo|e|a|r|oeflo|r-lt o1 |1+t |aoloal2|le]|1 s
F. Synopicidea o |zfle|o|o|1|v|o|o|le|lojo|o|t+|0 |0 |o+t|o|e |7 | &
G. Dexamincldes rla|sslr {1 teloe|o|-|lolalo| 1|7 |2|0 o |00 |1 |14
H. Stenotholdea 2|lala-|lofzlo|lo |7 |2|v|2|elo|lz|1+|o|2|o|7|2]|2¢
J. Corophlgiden 2 2 1 a 2 ol 7 0|2 |2 212 2|2 2 1 2|0+ D 2| 2T

LEGEND FOR CHARACTER STATES: 0 - PLERIOMORFHIC; 1 - INTERMEDIATE: & - APQMORPHIC.
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PHENOGRAM: HYPERIIDEA AND GANMMARIDEAN CALLYNO -

PHORATE AND NON-CALLYNOPHORATE SUPERFAMILIES

completely fused) segment | of the maxillipeds, subsimilar
carpichielate gnathopods, and large wropod 2. AL Gf these
unique features strongly support continued full subordinal
recognition of the Ingolfiellidea.

The distributional-gcological ovcurrence of the
Ingalfiellidea. world-wide in marine and hypogean tn conti-
tental freshwater, supports not only their classificatory
distincliveness but their probable greal antiquity {lale
Faleozoic, per Bouslield & Conlan, 1990)

Distributional-Ecology of hyperiid amphipods

Both hypenids and stegocephaloideans are exclusively
maring, in fully saline (= 3061 waters, well away from the
immedigle influence of tand run-0ff.  Both groups are
present over the shelf and slope, and in the abyss, or exhibit
vertical diuwrnal migrations fromn below the euphotc zone.
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Stegocephaloideans are mainly epibenthic, but Parardania
foeck 15 mesopelagic (Moore & Rainbow, 19893, and lives
in assoctation with medosae {e.g. Arofla parva).  Also
stegocephaloideans are found mainly in cold-water regions,
as are the more primitive members of the Hyperiidea, the
Phvsosomata, and some of the more primitive members of
ihe Cephatososnata { of fanily Hyperiidae),

As noted above, at some stage in their lile history, most
hvperiids are parasitoid, usually in relationship with the
Coelenterata. Tunicata. and other jelly-like pelagic animals.
Stegpocephalond-cans are symbiotic with sponges, lunicates,
sessile coelenterates, and other cnidarians (Moore and Rain-
bow, 1984, 1989, Such associations indicate lengthy
evolutionary development, and classificatory stability, fur-
ther underscoring the suitability of stegocephaloideans as a
phyletic outgroup Lixon for the Hyperidea.
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The Haustorjnidea MProblem

The phyletic classification of lossorial, free-busrowing
amphipods having o the so-called “haustorid™ facies has
long posed a particulary difficulr problemn [or sy Siemalises,
The “haustodid™ superfamily concept varausly encom-
passes families of Haesrorins-like animals and pomoporeids
of northern coastal waters, and urothoids, vrobaustoriids.
phoxocephalids. phoxocephalopsids. platyischnopids.
zobrachoids, cheads, condukiids, plus & few ather enizmalic
peneraof mainly austral inarine regions. Differing views on
ihe laxonomic boundaries of family and superfamily ding-
neaes, and on the phyletic impertance of certain “fossorial”
chargcter states, have resuliedin two poncipal recent phvietic
classifications. Inessence. lhe concept of the Haustoriodea
proposcd by the tale 1. L. Bamird broadly encompusses all
of those groups (Bamard & Drummond, 1932 Barmard &
Karuman, 1991). A further concepl. propased by one of us,
restricls the Haustorioidea o the northern families
Haustoriilae. Pontoporeiidae. and Bathyporeiidae, and rei-
prates the austral families to the superfamily Phoxo-
cephaloidea (Bousheld, 1979, 1982, 19831 Since conpa-
neni proups encompass most of the littoral martne sand-
burrowing amphipads of the warld, form an unportand cle-
mentof marine food energy cycles. and are proving 1o be use-
ful indicators of sedunentary envirgmmental quakity. prob-
Tems conceming their natural classification menif our ferther
Syslemaric alention.

An gssessmoent of phyleric relationships of hausioriid
amphipods was undertaken and presented relatively recently
by ane of us, bal the results remain formilly unpublished
iBousfield, 1989, Characters found 0 be of inportant
phyledc significance included seneral body form, size and
shape of the rostrum, presence of antennal sensory organ-
elles, structure and “dactylation” of the posterion peracopods
and maxillipedal palp, form of the pleopods. wpe of
moenthparts, and differences in character states of the telson.
uropads, and other appendages.  The major difficolty in
soeting owet the phylogeny of Tossoo) antmals is the “hook-
alike” problem, i.e. the high incidence of convergent evolu-
tion within nearly every character and character state, of all
the family groups investigated. However, close and carclul
cxiunimation of ihese churacler states, in relatonshipta those
that tend to be relatively independent of fossorial lile style
(e.g. significant in reproduction, feeding, and swimming), in
combitedion, priviides a more rehable basis for soming oot
homaplasious similarities from true phyletic similarities. On
this methodological premise, evidence from the evalalion-
ary direction, or trending, within pertinent character staes
sugpested a basic phyletic difference between the two major
groups. Thus, the northern haustoriids appearcd 1o be mare
closedly related 1o gaommaroidean amphipods, and of rela-
tvely recent origin, perhaps associaled with the opening af
the Atlantic Croean during the Mesowoic Era.  The southem
group was found phyletically more primitive and 1solated
from other major taxa, and of greater anligutty, originating
probably prior i the Gondwanian continental break .
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Inthis brief recapitulalions of the 1989 analysis, we here
cansider in detail onc main characier state, (he lorm of the
rostrem {Fig. 28). The upper row shows a dorsal outlineg of
the head, rosinom and proximal peduncolir segments o0
represenlative species of fossorial pontogammarids within
the Gmnmaroides (A), and af 3 bathyporeiid and two
haustoriids within the Pomoporeioidea (B, €, D). The
middle row gives sunilar views of representative species
within vrothoid{E}, urchaustoriid(F), phoxocephalopsidiG).
and zabrachoudiH) family complexes, within urothoid type
phoxocephaloideans The bottom row gives similar views ol
specics within subfemilics of Phoxocephalidae (H. J. K.
Cheidue (L), and Playischnopidae (M), Trends und key
differences in the fonn of the rostrum are prooconced. Thus
inthe “hooded eads™ (Phoxocephalidae band “shark-snos™
fcheids and platvischnopiodsi(bottom row) the rostrom is
variously elongate and ex ends much bevond the lateral head
lobes. [n the urothoid Lype animals (middle row), the rostrum
18 shoct bul extends distinetly beyood |he latera] head Wohes,
In the gamanarids, ponioporeiids, and haustoriids (top cow).
hovvever, the rostrum is vestigial or very short, and exiends
little or not bevond the lateral bead lobes. In these latter
proups, the substrale-penatrating function performed by the
prow-like rostrum of the phoxocephalids and urcthoids is
apparenily perfumned by the distally nammowing and Closely
approximated peduncular segmentsof the first antennal pair.

Ohher major churacter siates have been comelated with
dilferences in tomm of the restrum (Bousfield. 1989). Thus,
family members of the upper row all possess strongly deflexed
urosomnes ("bent backs™), weakly dactylate (or adactylate)
peracopods and maxdlliped palp, varioosly dissunilar and
weakly sexvally dimorphic gnathopods 1 & 2, unreduced
tpammasoidean} mouthparis, pleopads reproductively non
sexually dimorphic, broad w mediom brosd broad plaes.
and advanced. gammaroidean-type antennal calceoli {when
prasent), among ather differences.  Family memhers of the
middle and lower rows, all possess weakly deflexed wrosomes
("straight backs") strongly dactylale peragopods and
maxilliped palp, sobsimilar and non sexpally dimorpbic
gnathopsds 1 & 2, strongly reduced or modified (camivo-
rous) monthparts, high incidences of reprodoct@ively sexu-
ally dimorphic pleopods, tinear or sublinear brood plates,
and primitivecrangonyctoidean-tpe calceoli{when present),

In allthese instances, these differences are here consid-
ered of major phyletic significance rather than of convergent
similarity. Accordingly. inetnbers of e family Haesweriidae
argincluded here with the phyletically related Pontoporelidae
and Bathyporeidae, within superfimily Pontoporeioices,
and allied with superfamily Gammaroidea of the notthern
hemisphere (Fig, 30, Table 111, Members of the southern
fossorial family proups are here maintained withio
superfionily Phoxocephalaidea, that is phyletically isolated
from ptber maring superfamily groups, butexhibitscharacter
stales that perhaps indicate distint relationships to the
Crangonycides, now resiricied wo continental freshwiiers
o the worldl,
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FIG. 26. SIGNIFICANCE OF ROSTRUM IN SUPERFAMILY RELATIONSHIPS
TOP A Pontogammaridae B Bathyporelidae C Haustoriilae (Protohaustorius)
ROW D Haustoriidae ( Haustorius)

MIDDLE E Urothoinae T Urchaustoriinae G Phoxocephalopsinae H Zobrachoinae
ROW

BOTTOM  Phoxocephalidae: | Tipimeginae K Brolginae L Thoxocephalinae

ROW M Cheidae N Platyischnopidae
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The Classification and Phyletic Position ol the Lngolf-
iellidea.

As noted by Schram {19860, the classification of the
Inzolfiellidea has heen the subject of madesl conlroversy,
Following discovery of the first species OF fngelfiella by
Hansen {1903}, (he animals were first classificd a5 o new
family within the Gammarides {c.z, Stebbing, 1906} Fol-
lnwing Reibisch (19273, and discovery of furlher new fresh-
water and marine species, he group was clevated o separale
subordinal statos within the Amphipoda. a classification
now accepted by mosl workers,  Howewver, Bownan and
Abele (19821 and Bowman (pers. communic., 1992) wonld
relegate the group to family level slats within the
Crammaridea. Here, we briefly re-examine its major charac-
ter states and re-evaluate their signifivacce in phyletic clas-
sification (see also pp, 125-26),

Suborder Ingolfiellida cncompasses @ small group of
blind, vennilorm, hypogean und fussorial amphipods ooour-
ring nearly world-wide inboth maring and freshwiter habils
(Bouslield, 1982a; Stock. 19773, They occur over aremark-
able range of hypogean and infaunal habitats. and are the
paly freshwater amphipods presently known from fresh
waters of soulh-central Africa, north of Zimbubwe. About
40 species have been described to date. They are classitied
in several genera and subzenera belonging to two families,
the Inpolficllidse: Hansen. 1203 and the Mewingolfillidae
Ruffo, 1969, The lalter fanily is monotype @nd in somne
features more primitive than members ol the speciose family
Ingolfiellidye, The Former is here considersd likely o reveal
ancestral character states that might link the suborder with
other amphiped 1vpes aod with other peracandan 1.

Same of the principal morphological features of
Meraingoifiella mirakidis Ruilfo, 1969, are shown in Figg 7
Descriptive details ¢an b found i Ruffo’s orginal work
{loc cityand in family-level compendia by Bousfield{ [982a)
and athers, This large specics exhibits the following mor-
phological Features mostly previously considered (o he of
major taxonomic and phyletic significance:

1. Antenna shorter than antenna 2, with accessory
flagellum

2, Antenng 2, peduncular segment 3 elongare . =102 length
of segmeni 4

3, Antenna 2, segment 1 Free, not concealed by lateral
hiad margin

4. Unpigmented ocular lohes present, a the bateral anterior
head process.

5. Paired maxillipeds with disially separated {uafused)
basal segmenis

6. Goathopods larpe, dissimilar, raptorial, strongly
carpocheliform {carpus with palm,

apainst which closes the combined propod and dactylh, nol
sexually dimorphac.

7. Pergcopnds 3-7, dactyls very short,

8. Pleopods biramous, rami annulate, pleopad 1 conn-
plexly sexuvally dimorphic.

0. Uropod 2 much larger and longer than uropod 1. almost
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pleapod-tike
101, Telson lobes fosed to o narrow plate, with parred distal
penicillate selae

Character states 2. 3,4 05,6, ¥, and 9 ace alt considered
plesiomorphic and found nowhere else within the Amplipoda,
let alone in hypogean families and superfamities within
suborder Garmnaridea. This taxon is therefore inorphologi-
cally umiquz within the Amplipoda, cannol be classificd
within suborder Gammuaridea, as presently concepioalized.
anil therefore merits full subordinal stafus of i Own.

L is dilficult to exirapolate character states of a highly
wmerlified vermiform amphipod 10 a form in which these
characiers mirhi bave cxdsted in the presumed epigesn
ancesiors of the Ingolficltides, Homoplasious reduction of
locomotory appendugzes and mouthparts, and loss of pro-
neamced sexual dimorphism, is almost the nule in fully bypo-
gean anphipods, As noted in the hypothetical phivletic troe
of the Amphipieda (Fug. 3, p. 126), the ancestrul epgean
ingolficilid was almost certwnly callynophorate, with primi-
tively calcenlate antenng, mach as in modern crangonycl-
oweans, arul with & werminal male stage. The eye lobes may
have bome pigiented stalked eyes, and peduncolar segment
3 of antenna 2 a vestigial squane. The gnathopods were
almost certainly non sexually dimorphic and non
pregmplexing. However, as noted previcosly. charecier nos.
2, 3.4, Sand B aceur, in more conspicuous form, within some
extant petalophthalmid Mysidicea but, o date, nowhere glse
within potential gneestral oulgroup peracanidans,

As noted above, the Tngolficllidea oceur widely in bath
[resh and sal water. frinm the shore line to the abyss, nearly
world wide., Onthe other hand, both the Hyperiidea and the
Caprellides are strictly wnarine and of restricted ecology und
life styte, Ingolfiellids overlap disributivnally and ecologi-
cally with many cther hyopogean anphipod groups. espe-
ciallv with hogidizloideans and niphargids but are readily
distinguishable. Whereas the ingolfiellids possess several
syinplesiomorphics bul no synapomorphies vis-a-vis the
Gammaridea, he teverse s tue of the Hyperitdea and
Caprellidea. We thercfone concliude that the case for condin-
ued recognition of the Ingolfielliea at subordinal Jevel is
strong whereas that {or the Hyvperiidea and Caprellidea
merits further conswleration.

Phyletic Relationships of Large Hypogean Amphipods

Asin the Issorial snphipads. the phylelic placement of
fypogean amphipods is subject o problems of convergent
evolution because of the specialized but relatively uniform
nature: of the phreatic environment. However, such prob-
lems tend o be evidenced in rather different end mainty non
reproductively related aspects of theirsystemalics. Holsinger
(1993 has comprehensively reviewed the distribution of
world fauna of 740 hyposean anphipod species thal are
distribuled among 36 familics and 12 supedfamilies or egquiva-
lent roups, Most af these veour io the northern hemisphere,
but hiversity isrelatively highamong groundwiler asphipaods
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Metaingolfiella

OCULAR LOBE

(vantral view)

FIG. 27 MORPHOLOGICAL FEATURES OF INGOLFIELLIDEA {mainly after Ruffo, 1969)
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of the sonthern continents. Mos species are readily assign-
able to family and superfamily calegories, but some faxa
reanain enigmatic and difficu It of satisfactory phyletc place-
ment.

In 1986, Notenboom described a relatively large, cam-
ivorows amphipod species from wells and a cave lake negr
Valencia in eastern Spain.  The animal appears basically
gammaroidean in general featores, bt s remarkahble in
possessing calceoli on both antenna of both sexes. As noted
infig. 11, * thisis astrongly plesiomorphic feature that is
toundonly among the relatively primid ve superdamily groups
and within very few wher cpigean sammarcidean subgroups
{e.y. Paramesogamutarus). The species was fully figured
and described by Notenboom and is refigored here for
comparison with possible closely retated ingroups (Fiy 26}

Sensonator vadentiensls appears more gammaroidean
than any other superfamily group, especially in character
stales of the anennae, some mouthparts (e.g. simple lawer
lip), anteralebate coxie, dorsal abdominal spinativ, uropod
3, telson, and surface ultrasiructure,  However, males are
smalter than females, the snathopods are noo sexually di-
morphic, and some mouthparts, especially the mandible, are
rather strongly modified for an apparently specialized feed-
ine role. After companng the species with member of the
Lilieborgiidac, Pardaliscidae, Niphargidae, Crangonyctidae,
Bogidicllidae, Prewdonipliargus, andother iypogean groups,
Notenboam was unable w place the animal phvletically.
However, he refmained for formally proposing a oew family
ar higher level taxon for its reception, and hence has lefi the
meatler apen for further considerarian.

AsseeninauwrFig, 28 the differences between Sensonuior
amd other mujor regional groups of hypogean amphipods
such as miphargids, typhlorammarids, and bogidicllids are
fairky abvious and need not be detailed here. However, if
seneral featnres of the specics are compared with regivnal
litipral maring specics within the Melphidippoides, some
sirikinely shiilar characier states may be noted. Thus, North
Atlantic species of Chefrporatus and Casco have similarly
sharply incised infenor hepd sinuses, antenna 1 muoch shorter
than 2, anterior coxae diminishing in size posteriory,
snathopidds unequal in size (2 the larger), peracopaxds 5-7
tong and nearly hamapedows, with short dactyls and fen-
deney to strong distal setation, strongly acquiramous uropod
3, and telson short and bilobate, These species also have
narrow brooed plates and lack a coxal gill on peragopad 7,

We concur with Notenboom's evalutionary scenario in
which a frees-swimming marine ancesior probably tnvaded
macroporous bictopesin the littoral karst, We would suggest
that as farback as the Crelaceous, ancestral melphiddipoideans
may have heen calceolate and much more nuherous than
their present relict status might indicate.  Such ancestral
types wy noce have occupied iteral biotopes now taken
ower by the more wdvunced badzicideans {melitids}. In oor
view, modern melphidippoideans imerii further study as an
extant refict growp that may well have sprung from the sune
COMINGH BNCestor 43 Sensonalor,

AMPHIFACIFICA VOH.. [ NOL 3 OCTOBER 15, 1894

A somewhal similar problem of phyfetic classification
has concernzd Phremogammarns  fragilis described by
Chilton more than FM) vears ago from stream beds in the
Sooth Island of New Zealand. He assigned the species Lo
family Gammaridac were it remained following its
redescription and the addition of further specics by Hurley
{1954}, The species is refigured here, for comparison with
ather regional epigean species and with other hypogean
world genera of possible phyletic relationships (Fig. 29).

The animals soperficially resemble some garminar-
pideans of the porthern hemisphere, including species of
Tupfilopammarus (Fig2g.Characiers of stongest similaily
are found o the elongatle antennag, with sirong accessory
{lageltum, large. sexually dimorphic gnathopods (2 the larger).
clongate peraeopods with antero-lobate coxue, dorsally
spinose nrosome, and large brood plates. However, dilfer-
eoces may be noted in the mouthparts, peracopod dactyls,
uropods, relson, and g form of sternad gill s present, all of
which precludes direct assignment within any knows mod-
em group of garnaroideans. Although Phreafogommarus
fragilis in continental inNew Zealand, it hears a superficial
resemblance o medien and large hypogean species such as
Pintaweckelia grandis Stock from wells in the Caribbean
comtinental island ot Haitl. and o Camarimelita janstocki
Bouosfictd from anchizline cave pools in the voloanic Hawat-
ian 1slands (Figzd. Although Plreatogamemarus is ceadily
distinguishable from these two forms, especially in the
mauthparts, coxal gills and urepods, these two fomms appear
at leas| remotely phyletically related and meril further inves-
tigatiomn i this repard.

By forimate chiance, one of us (ELB) wasable 1o enllect
matecial of additional epigean csluarine and freshwater spe-
cies. here designated asPlreatogammarss sp. 1 and
Pirreatogamemurus sp, 2 respectively (Fig. 29). A prelim-
inary report on this material was prescented at the Intermna-
tional Crestacean Symposiom in Sydney, in 1930 but the
new taxa have not yel been lornally described. These
species are similar to the phreatic species, except for their
smaller size, pigmented eves, and more strongly sexually
dimorphic gnathopms, They fortn a tixenomic and ecologi-
cal series, from marine and estuaring, through fluvial epigean
(o Movial hypogean botopes. Wi might reseasonably con-
jecture. therefore, 1hit this siries reveals a direct pathway of
zgress by which littoral taring organisms hive penetrated
bypogean fresh waters in the past, not only in austral regions,
but world-wide.

Except for the relatvely short telson lobes, the estuanne
species also demanstrates a remarkable overall similarsity
species of Homelfia, o wopical and Indo-Pacific genus
within superfamily Melphidippoidea, The genus Flreaio-
geammeruy ay well have shared a conunon ancestor with
present-day littoral marine melphidippoideans. Thus, pend-
ing more detailed comparison over a4 broader spectrum of
malerial, the bwo groups are placed tentatively on the same
major evolutivnery branch of the revised and updaled
amphipod phyletic iree (Fig. 300
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A, Typhcgammaridae:
Typhlogammarus sp

- D.. Cheirocralidae:

Cheirocratus
sundevalli

calceoll

B. Family incerta
Sensonator sadis
valentlensis

E Niphargidae:
Niphargus sp.

F Bogidiellidae
Boglidiella bredini

FIG. 28 CONYERGENT MORPHOLOGIES IN LARGE HYPOGEAN
AMPHIPODS [from Notenboom (1986) and various sources|
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F1G. 29 PHREATOGAMMARUS SPP. AND SELECTED MELIHIDEFPOIDEA AND HADZIOIDEA
A. Hornellia sp. B. Phreatogammarus sp. 1 C. Phreatogammarus sp.2  D. Phreatc -
gammarus fragilis Chilten E. Pintaweckeifa grandis Stock F. Carnarimelita stocki Bousfield
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Phylogenetic (rec.

Long before the advent of numerical taxonomic analy-
sts. hypothetical phylogenetic relationships between higher
categoriesof classilicanonof erganisms hod classically been
presented i & branching tree-like arrangement. o a inge-
phological reatmer, the plesiomonphic character stargs arg
most strongly evineed in luxa, exant or extinet, that wee
closes) to the trunk and inain branches, and the apomorphic
or advanced und specialized featares are best developed in
taxa placed npear the branching cxiremities. Lo efiecr, the
phylogenclic "tree” imiy be viewed as a fonn of cladogran
in which the claracter states are onlered and amanged
“parsimoniowsly”, but without outierica) basis. Brosca &
Wilson (19911 have employed cladistic methodology in
phivlogentic analysis of the lsopoda, resulling in major
classilicatory recommendations for the 10 suborders within
thix very diverse. primasily henthic, and relalively ancient
group of peracaridans, However, the universality applicabil-
iy and adequacy of cladistic analvses for this purpose hos
heen guestiomed by somc {(e.g. Gosliner & Ghiseln, 1984). A
full cladistic analysis of the Ainphipoda is bevand the scope
of this paper.  Serious problemns conceming character stale
Lhomoptasy, and the status oF so-called “intermediate™ s
have yet to be resolved. However, a phyletic tree based on
“lirst principles”™ 18 here provided as g useful visual basis for
eventual numerical establishment of 2 (e phylatic classifi-
caricn of the Amphipoda,

[n this respect, Bousficld {1979a) has proposed a tree-
tike arrangemen for amphipod suborders and superfamilics
that is here refined and updated on the basis of new infonmna-
tion and expanded anabysis of major characters and character
Slates (see Fig. 301, The thickness of the branches was
1oughly propomtional (o the number of extant species ineach
subtended major category. o the carly version, the “steim”
Laxa Juy within @ boundary or envelope of those possessing
4 pelagic repraductive and terminal male stage. Envelopes
of selected plesiomorphic character states such as the pres-
ence Gf postero-lobate coxae of peraeopods 5-7, and caleenlate
anfennae also encompassed superfamilies. closer o the tips
of the branches, in which malure mudes were henthic,
preamplexing, and of indeterminate life stage.

The presem version of the wree (Fig. 30} 15 essentially
similar.  During the past 15 years the tursber of species in
cach group has increased, varioosly, by only about 5-10%,
few major new tava have been discovered, and the ordering
ol chargcler states has remained basically unchanged. How-
cver, the callynoplore (Lowny, 1986), calceat (Lincoln and
Hurley, 198 1), brush setae. and other sensory and swiinming
structures of reproductive males (p, #8) have since been
developed as sipnificant indicators of phyletic relationships.
Einphasis onsuch paramerers has here altered the position of
the main trunk which now centrafly subtends superfzimnilics
ol Natantia Jeading o the mest highly advanced and modi-
fied Hyperiidea, Thesetasaare marked by the plesiomorphics
of Table I(p. ) that include, in the mate. a more slender and
flexible urosome, powerfully natawnory pleopods., ad well-
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developed, wsually plumose-setose uropaod 3 and tail fan,
Calrenlate aniernac are resiricted to the more primitive
members of Natantia and 10 more advanced subfamndlies that
have variousty penerated Inlic-water environmen (s of Coastal
estvanesand freshwaters(e.o, some pontogeneiidsand callio-
prids within Eusiroidea; paracalliopiids and exoedicerotids
within Qedicerotoidead, The Lysianassoidin is the only
group within Natanta to retain callynophore, calceoli, and
brush setue. thus remaining closest ta the presumed
gammaridean ancesical (ype. and confirming the classical
ancesteal posinon et forth by Surs (1895) and Stebbing
(19063, The pelaght males of nestling and whe-building
Desaminoides and Ampeliscoidea have virtualty lost (he
callynophore. but retain antennal biush setae, powerdul tail
farn. and bilobate ielson, [nthisrespect, the Melphidippoidea
are smmilar, bt o thelr development of weakly sexually
dimorphic gnathopods, appear twansitional to members nfihe
Reptantia, The monotypic genus Sersonaror {of Notenhoom,
1986} is here proposed (p, Yasu primitive early offshoat that
still retains antennal calceoli of the presumed maring ances-
tral melphidippoidean. Primitive members of the fossorial
Pontoporeioidea {excluding, Haustoriidae} and the
Phoxocephaloides (most) have todally lost the antennal
callynophore but have retained brush setae and caleeoli, As
nivied previously, natant superfamilies with calceoli are
primarily cold-temperate and arctic in distribution, (hose
without are primarily tropical and wann-temperate.  The
coxal el of peracopod 7 s retained widely within the
Malantia, and is plesitmarphically plested or dendritic in
pelagic males of Lysianassotdea, Ensiroidea, Dexaminoidea,
and Ampeliscoidea.

The superfamilies of Replantia are placed nearer 10 the
branch tips. Those vn the Aght side of the trec end to possess
more plesiomorphie character states such as homo-podous
peraeopods 5-7. with postere-lobate coxae, and penerally
lack an ecdesial {baso-Tacial) spine on wopod 1. Among
fresh-water members, the accurrence of various types of
sternal pills is widespread (2. g must crangonyctids, hyalellin
talitroideans, pontogeneiid eusirids and Fafklandella, and
paracrangonyetid liliehorgiids), Categories of Reptantia on
the left side of the tree are advanved in those same character
states and, in fresh waler members (2.2, of Gammaroidea,
Hadziowlea, Bogidicllnidea), sternal gills are lacking or very
gare. The coxal gill of peracopad 7 is retained only i (he
most primitive members of Reptantda (e g most Gammaroides
and Crangonyctoidea) and that of peracopod 2 s lost in many
corophioideans and all caprellidans,

On the left side of the tree, the primitive hypogean and
fossorial Ingolfiellidea (p. 126) diverged carly from the
many evolutionary trunk, Its presumed epigean free-living
ancestons woere almost cerainty callynophorate and calvealate
bui titlle except zome mysid-hke characier states can be
deduced from comparative morphology (p. 0% and no trace
temains in the very limited amphipod fossi] record,  The
hadzigidean and corophicdean superfamilies underwent pro-
gressive teduction of antennal sensory simictures, diminu-
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1300 of pleapods. uropod 3 and 1ail Fan, and fusion of telson
lobes, bul enonmous development of pre-amplexing and
mate-puarding gnathopds in the male (p. 1051, apparcntly
associated with benthic and domicolous life styles,  The
relatively primitive, mainly freshwaler pammarcideans have
tost callynophore and brush sctac, but many have retain
amenmalcaloeoli. and fairly strone development of tropad 3,
lail [an, and hilobate telson. Gnathopods of the male func-
tion in pre-amplexus, rather than inagonisiic mate-goarding,
Preswinably related to the natantian in¢lphidippoideans are
the allocrangonyvclids and pseudoniphargids, on the one
hand, and the phreatogammanids and bogidielloideans om the
other (p 1260,

On the right side of the tree. the crangonyveloideans are
clearly repiant, havine lost the callyoophore and brush setze,
undergone iromg reduction of pleopods, vropod 3, and
fugion of telson lobes. and are predominant]y hypogean in
fife style. The Crangonyciotdea ranks as the most primitive
of reptant superfamilies inwhichnales are typically sinaller
than fernales, with nodt-preamplexing gnathopods, and 1er-
minal in ife stage., Their widespread retention of caleeoli, of
a very plesiomirphic fomm, provides a plaus-ible link with
the marine Phoxocephaloidea,  Indeeid, Perliia (the most
primitive crangunyctaidean) possesses a nalatory uropod 3,
srangly bilobare telson, primitively calceolate antenng 1
{imale only), specialized carnivoroos momhbpans, squarish
coxal plates, sexvally non-dimorphic raptorial gnathopods,
and elongate peraeopod &, fealures that are reminiscent of
lany Aupstralian Phoxocephalidae (see also Willhams &
Barnanl, [988). In association with their freshwaier and
terrestrigd evolutionary thrusl, and ability 10 saltate in air, the
talitroideans have undergone very masked reduction of the
intennae and sensory sSiructures, of pleopod acd wropod 3.
and Tusion of telson. and powerful development of agcnistic
andfor pre-anplexing gnathopods, bul have otherwise re-
mained gencralized and primitive in gencral body form.
Mannemembers of the Liljeborgioidea (e 2. of Liljeborziidae,
Sebidae, Colomastigidac) are variously spectalized for
commensal life style, with strongly sexually dimorphic
pnathopods. The freshwater members (of Sebidae,
Salentinellidae, and Paracrangonyetidae) are hypogean anid
enithopads may bave become secondardly weakly or not
sexually dimorphic. Within the manne leucothoideans,
bovwever, members that are morphologicalty modified in
compensal association with funicates, sponges, and other
sessile marine invertebrates (e, most Leucolhnidae,
Vicmusiidae, some Pleustidae, etch, show litlle or no sexval
dimorphism of the gnathopods, except in the
microcarnivorous Stenothoidae, and the Anamixidae where
inudification 1s extremne (Thomas & Bamard, 1983}, Within
the Pleustdae, the neopleustinid branch, maw hyve given rise
o the Podocendac (and perhaps the Toilifdae), cureently
classified within the Corophioidea. These in turo, having
strieng  sexwl dimorphismt of gnathopods and substrate-
clinging life style. have prohably given nse directly o the
“mainstream” form of the Caprellidea{Laubitz, 1974, 1993,
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However, thi: possibility of a polyphyvletic origin of the
Caprellidea remains investigative (e.g. Laubitz, 1993;
Takeuchi, 1993}, as is the origin of the Corophioidea (as
presenty defmed), The lencothoid-podocend-caprellid clade
hias remained strictly marine, with strong reduction of abdom-
inal and locomotory appendages, and a strong tendency to
semni-sessile, comtmensal, o ectoparasitic le styles.
Conlan (1991} hax utilized the earlier version of the
phyletic tree 1o illusiee the taxonomic distribution of mate-
guarding and non-mate-guarding behaviour in the Am-
phipodi. Mate-guarding behaviour had then been formally
described within the Gunmaroidea, Talitroides, Hadzioidea,
Corophioidea, and Caprellidey, here categorized within the
Eeplantia, Nonmate-guarding behaviour had been observed
within the Lysianassoidea, Eusirpidea, Phoxocephaloidea,
Pontoporetoidea, and Ampeliscoidea, all calegorized here
within Ihe Natantia, She also ftound thatspecies of Crangonyy
(Crangonycimdea) and Haustorius and Amphiporeia
(Pontgporesideal did not leave the bottom in mate scarch-
ing, vetalso did not inate-carry or mate-guard, Such behay-
iour, overlapping keteen Natania and Replanua. is ool
unexpecied, and may reveal how sintlar mating strategies
evalved convergenily in phyletically unrelated groups ex-
posed e sbonilyr environmenes and edaphic conditions.

Revised Semi-phyletic Classification of the Amphipoda

Phyletically ariented classitications of the Amphipoda
propased by Bousfield (197%, 1983, 1983) and embodied
in Schram (1986) are revised and updated here (Table [17).
A closely similar version was published recantly by Bousfield
and Staude (19945, Although the subordina) and superfamily
concepls reman essentially the same, their semi-phyletic
arrangeimnant has been alicred significantly to conform with
the concept ol "Natanlis-Replantia” relationships developed
inprevipus sections, and graphically preseniedin Fig. 30, As
we may noke below, the famdlies encompassed within several
superfamilies have been expanded vrmodified in the light of
recet discoveries and taxonomic advances,

Wilhin the “Natantia” superfamily Lysianassidae is
restored 1o ihe basic, ancestral position of earlier authors
{Sars, 1895 Gurjanava 19310, The list of member famities
is gxpanded o ioclude:r (1) the Hyperiopsidae and
Cyphocaridac, all rmenbers of which are neritic, pelagic, and
bathypelagic, and the primitive Valeltiidae of deep coastal
and offshore waters: (2) the fish-parasitic Trischizo-
stomatidae; and {3} the benthic commensal, and modified
Conicostomatidas. Al of these possess, variously, in
combination, the typical lysianassid character states of short
swollen peduncolar segments and stongly callynophorite
fHagellum of antenna I; short rostnim: moathparts varicusly
modified for carnivory or necrophagy: weakly subchelate.
long wristed gnathapod 2 {often with elongate tschium);
pleated or convoluted coxal gills; slender o linear brod
plates; and {variously) calceclate antennac. Although the
Phoxocephaloides possess more primilive calceoli, and are
strongly rostrale, they are ranked phyletically higher because

127



TABLE UL SEMI-PHYLETIC CLASSIFICATION OF THE AMPHIPOD CRUSTACEANS. [Gammnaridea and
Inzolficllidea after Bousfield 19824, 1083 Hyperitdes after Bowman & Gruner. [973: Caprelfidea after McCain, 1970)

I AMPHIPODA "NATANTIAY

Superfamily LYSIANASSIDAE (Gamimaridig)
1. Valeltiidae

2. Hyperiopsidag

3. Cyphocaridae

4. Uristidae

3, Lysianassidas

&, Conicostomatidas

T Trischisostomatidae

8. Incerta sedis

Supcrfamily PHOXOCEPHALOIDEA
Urothoidae®

Platyischaopidae

Cheidae

Plhioxocephalidas

Condukiidac

e

Superfamily SYNOPIOIDEA
1, Synoplidae
T, Argissilac

Superfamily PARDALISCOIDEA
1. Sikipedidae (incl. Astyndac)

2. Pardaliscidae

A, Vitjrnanidac

Superfamily STEGOCEPHALOIDEA
L. Stegocephalidac

SUBORDER HYPERITDEA
INFREAORDER PHYSOSOMATA
Superfamily SCINOIDEA

1. Archaeoscinidae

2. Mimonectidac

3. Proscinidae

4. Scinidae

S uperfamily LANCEOLIDEA
L. Microphasmidae

2, Chunealidas

3. Lanceolidaz

INFRAORDER PHYSOUEPHALATA
Superfamily VIBILIOIDEA

I Vihiliidas

2. Cwystosomalidac

3, Paraphronimidac

{ 1. Ampelizcidae

1. Pontoporeiidae {incl. Bathyporciidac)

Supertamily MELPHIDIFPOIDEA

Superfamily PHEONIMOIDE &
. Hyperiidae

2. Dairellidac

3. Phronimidaz

4. Phrosinidae

Superfamily LYCAEOPSOIDEA,
I. Lycazopsidae

Superfamily PLATYSCELOIDEA
. Promoidae; 2, Axgpronoidas

3. Lycaeidae; 4. Oxycephalidae
5. Platyscelidae: 6. Parpscelidac

Superlamily DEXAMINOIDEA (Gammaridea)
1. Atylidae (+ Lepechincilinac)
2, Bexaminidae (+ Prophliantidae)

Superfamily AMPELISCODEA

Superfamily PONTOPOREIOIDEA
2. Haustoridae

Superfamily EUSIRGIDEA

|, Pondogeneiidas

2. Ensiridac

3. Bateidas

4. Calliopiidae

5, Paraleptainpbopidae {(incl. Falklandellidac)
f. Gammarellidae

7. Amphithopsidae

&, Gammaracanthicae

9. Paramphithoidae

Superfamily OEDICEROTOIDEA
I, Paracalliopiidas

2. Excedicerotidac

3. Ocdiceronidas

. Sensoearor groop (monatypic)

. Cheireratidae (=Hornelliidae}

. Meiphidippidae

. Megaluropidae

. Niphargidae? {incert. sed. }

. Plwentoganmaridae? (incerl, sed.)

Oholn da ek Do~

ol their loss of callynophore, and theirmore highly modified
moutlparts (lower lip with inner lobes), and unpleated gills,
The Synopicides, Pardaliscoidea and Stegocephaloides form
& non-calceolale core group within Mataatia leading to the
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advaned, parasiloid Hyperiidea. the inlernal classification
of which has been cslablished by Bowinan & Gruner (1973).

The weakly or non-rostrate dexaminids and ampeliscids
are vel more ehly advanced in near loss of callyoophore,
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TABLE 111, {cont’d).

I, AMPHIFODA “REPTANTIA™
 SUBORDER INGOLFIELLIDEA
1 Ingolfiellidae

2 Metaingolfcliilae

Superfamily CRANGONYCTOIDEA
. Meoniphargidas |+ Penthiidac)

- Paramelitidie

. Sternaphysingidac

. Eocrangonveiidae

. Crangonvctidac

i el [ e

o

Superfamily LILJIEBORGICIDEA
. Lijeborgiidae

. Paracrangonyctidue

. Sebidas

. Colomastigidae

. Salentinel[idac

L R R R B

Superfamily TALITROIDEA
1. Hyalidae {incl. HyaleDidact
. Dostehnotidas

- Nagnidae

. Ceinidag

. Enphliantidae

. Phliantidac

. Kuriidae

. Talitridae {4 subgroups)

. Temnophliantidas

I Q=N R S |

e R )

Superfamily LEUCOTHOIDEA

. Viemnpsiicie

. Meustidae (12 subf}
Acanthonodoeomiatidac (imel, 3 subf )
. Lafystiidae

. Laphystiopsidac

6. Ochlesidas

7. Amphilochidae (2 subf, )

8. Stenothoidae

9, Cressidae

10, Thaumate]sonidae

I, Maxillipiidae

12 . Nihotungidae

13, Pagetinidae

14, Leweathoadae {inel Anamixidac)

L R I

Superfamily GAMMAROIDEA)
I, Anisegammaridie
2. Gammaroporelidac

Mesogammaridac
Typhlagammaridae
Gammaridae
Pomtogammaridae
Acanthoganumaridae
Macrobectopidae

. Caspicolidae?

10, Incert. sed.

WP D e R b

Superfamily BOGIDIELLOIDEA.
. Artesiidae

2. Bogidiellidae

3. Kerrucleniolidac 7

Superfarmily HADZIOIDEA

I. Hadziidas (+ sev. subll)

2. Metacrangonyctidae

4. Nuuanidae

5. Melitidae

6. Carangoliopsidae

7. Aetiopadidae (ransfer from Corophiidae)
¥, Allocrangonvetidse (= Pseudoniphargidags)

Superfamily COROPHIOIDEA
CAmpithoadue®

. Biancolinidae*

. Aoridae

. Cheluridag

. Isaeidae

. Ischyroceridac

. Neomegamphopicdae

. Corophiickae

. Podoceridag®

U D0 ] I LA e Lad PO e

SURBCRDER CAPRELLIDEA
INFRAORDER CAPRELLIDA
Superfamily PHTISICOIDEA

1. Phtisicidae

2, Dadecadidas

Superfamily CAPRELLOIDEA
L. Caprogammaridie

2. Paracercopidae

4. Caprellidae

4. Aeginellidac

INFRACKDER CYAMIDA
Superfamily CYAMOIDEA
1. Cramnidae

" Possibly canvergenl within Corephicidea

and weak development of sexcally dimorphic gnathopods.
The Pontoporeioidea have retained elongate calceolale
antennag (malel, but lack coxal gill of peraeopod 7. and are
allied 1o the reptant Gammaroides in possessing sexoally
AMFHIPACIFICA YOL. |
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dunorphic gnathopods and arostrale head, Freshwatermem-
bers posses sternal gills. Members of he true Havstoriidae
cxhibit many characier states that are homoplasious with
phimocephaleidean genera (Bonstield, 1989). Despite the
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lack of calcec!i and {with rare exceplions ) loss of gnathopod
sexual dunomphism, family Hiustoridae contimucs here 10 be
clavsilicd within the Pootoporcicidea on the basis of head
form, mouthpart morpholog sy, adactylale peracopods. strompzly
deflexed urosome and close similanty of ils masl primitive
members 1o the symputri¢ pontoporeind gems Amgiporeia

Within the Eosiroidea may be recognized two main
rroups: (17 an essentiadly pelagic. small o medium sized
armngls thal mastly reln brush setac, caleeclt, and strongly
natatory pleopods and tail fan, and {2 and essentially benthic
eroup of medivm 0 lave-sized aniimals, (nchuding the
Fararnphithotdae, Amphithopsidae, and Gammaracanthidae
Bousfield, 1989, have become benthic b lack sexoally
dimarphic gnathopods andrem:un essentially marine, Within
subgroop (11 the calceolale pontogeneiids and calliopiids
have apparently sive rise t various eroups of Paramoers and
allied genera. and to the paraleptamphopid and falklandellid
Family proams of gusiral fresh aaters, These all tend 1o have
a much raduced uropod 3 and tail {an, but males (in many
genaral bave developed apre-amplexing snathopod [ Within
the closely related but distinetive superlamily Oedicerninidea,
soane maring members have retained bolh caleeoli and
callyrophore, but within estuarine and [resh waler
expedicerotids and paracalbiopids (souhermn hemisphene),
miales have become largerthan females and hisve convergently
(1o gammaroideans of the northers bemisphere) developed
sirongly preamplexing gnathopods and the reproductive
carryiog” labit, features convergent with those of
sarmimarodeans of the northern bemizphere,  As outlined
above, the superfumily Melphidippoides now encom-
passes the free-swimming marine Cheirocratidae, the fossorial
Megalutopidae, and the primitive paca-ancesital freshwater
bypogean senus Senionaror. The phylete slatus of the fresh-
water hypogean family Niphargidae, endemic w the Burop-
ean-Mediterranean region, is considered peripherally melphi-
dippoidean, but remains essentially entzinalic.

The omder of tsting of superfamilies and soborders of
Feplaniia is essenfiglly that previously arranged in the fam-
ilv tree {p. 1260, The primitive Ingalfiellides are here
considered fully subordinalby distingt from the Garmimaridea
(see also p. | 24Within the Crangonyctoidea. the rationale of
Holsingai {19924) in separating the Stemaphysingidae Trom
the Paramelitidag 15 recognized here, bat famtily Perthiidae,
proposed by Williams and Barnard { 1988), isreadily encom-
passed within family Neoniphargidae, The sponge-twelling
Colomastigidae is bere formally to transferred from the
Leucothoidea o the Liljeborgioidea. Family composition
within the Taliroidea remains unchonged, alihough he
freshwater Hyalellidae bave proven o be elosely allied with
Afferrebrestes and other maine genera and may scon he
relegated o subfamily stalus within the Hyalidac.

The concept of snperfamily Leucothgides has been
broadened to encompass the Lafvstidae, Acantho-
natozomatidae, and Ochlesidac {811 wansferred from
Stegocephaloiden), and the nnigie pleustid-like Viemusiidae
Just, 1990, recorded from Bass Sieait Canyon, Australia
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Despite considerable recent taxpnomic work on both
superfamilies, the family composition of the Gamimarodes
and Bogidielloidea remains littke changed, The laxonomic
refinements within the Hadzioidea have resulted in several
rzw Fpnily proposalsof which Allocrangonytidae Holsinger,
1989; Nuuanidac McKinney & Barnard, 1977; and
Melgerunzooyotidac Boulin & Missouli. 1988, are pravi-
siomilly lsicd here, The family Astiopedidae Moore and
Myvers, 1988, based on anenigmalic new forn rom the Bass
Strait region of Avstraiia, was originally placed within the
Corophioiden, bt is here transfomred to the Hadzioidea, The
type species. Aeliopedes gracilis, possesses a nomber of
strongly melphidippoidean-hadzioidean and nan-cor-
ophioidean character seates. These include a short anienna 1,
posteriorly decreasing size of voxae 1-4, elongate carpus ol
enathopods, non-glandular bases and ungoiform dactyls of
perazopods 3 & 4 (ully hirnmaous and plunose-selose uropad
J. and linear brood plales.  The mouothparts appesr
hadzividean. and non-corophioidenn., espocially in the form
of maxilla 2 and maxilliped, and in the nched and stighdy
asymmetrical form of the upper lip.

The concept of superfamily Corephicides has remained
stable following numerons studies by AL AL Myers (1o, CiL)
bl woder closer numerical axonomic scrutiny, the concept
miay provelobe polyphyletic. Thos, ampithoid-biancolinids
may form ane groop. aerid-chelurid-corophiids & second,
isgead - iselryrocerids 4 ind, and the podocends a fourth, all
related more closely 1w ootesroup Lunibies within other
superfwnilics than 1o cach other,  Superfamily and family
conceps within [he Caprellides accepted here ane basically
these of MoCan (19700 that atso take account the high prob-
ibility of pobvphyletic ancestices proposed by Laubilz {1993}
and Takeuchi (19937,

In this presentation. we have delved ioto the pertinency
and usefulness of some morphalegical fealures for phylelc
classitication o amphipod crostaceans. A more comprehen-
sive study might have included the classificatory signil-
cance of sexuat dimorphism of the pleepads, ol the fonn of
the rostum, OF scrmention of peracopods, and of several
ather major characters, We look o eveniual establishment
af @ ilits buse of non-honnoplasious character states suffi-
ciently Large o emplay cladistical analvtical methododalogy
with confidence. We urge further study on the significance
of surface vltrestune in amphipaod pbylogeny, cumrently
being advanced by Kevin Halcrow (Halcrow & Boustiehd,
FORT: Hulerow and Powell, 1992; Halorow, 19931, The pro-
tein electraphoretc spproach that s now providing answers
to species level relationships {Bulnheim & Schaoll, 1981
Stewart. 1993y might prove applicable atmuch higher taxo-
nomic levels, Fipally, the fundameaal work of Sibley and
Ahlguist {1983, gtsequ.} in which DNA-DNA hybridization
technigues were ntilized in major phyletic reorganization of
avian classification, may evemuoally be adapted Lo providing
genetic data of exceptional value for the phyletic classifica-
tion of amphipod crustaccans,
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